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SARABHAI M CHEMICALS 
BARODA 


HISTORIC MILE-STONES 


2000 
(BC) 
1600 
(BC) 


1000 : 
(BC) 


600 
(BG) 
424 
(CBC) 


100 or 102: 
BC TO 44 BC 


60 

(AD) 

MIDDLE : ~ 
AGES 


RENAIS- : 
SANCE 
PERIOD 
15TH 
CENTURY 
(EARLY) 
45th 
CENTURY 


The EGYPTIANS used sulphur in preparing pigments and 
cosmetics. 

The EGYPTIANS discovered that sulphur dioxide from the 
burning of sulphur had more practical value as 4 bleach 
for cotton and linen. 

HOMER reports that Odysseus burned sulphur in his 
home — presumably as a fumigant — after he had _ siain 
his wife’s suitors. 

The CHINESE invented Gun — powder using sulphur as an 
ingredient. 

THUCYDIDES reported the application of sulphur by the 
tribe of BOOTIER, who in 424 BC, destroyed a city’s 
wooden wall with a burning mass of coal, sulphur and 
tar. 

During the time of JULIUS CAESAR, sulphur was used in 
the preparation of incendiary materials of warfsere, in 
tinder boxes, and in preparing lamp-wicks for easy 
kindling. 

The Historian PLINY writes thet sulphur possesses 
fourteen medical value. 

The ALCHEMISTS were concerned with sulphur, because 
they believed that its absence, or presence in varying 
quantities, accounted for the difference between bsee 
metals, and the Noble metals; Silver and gold. 

During the Renaissance period, when black powder came 
into universal use, sulphur became an _ important 
commodity. 

The first commercial sulphur in modern times was produc- 
ed in Sicily. 


Traveler LEO AFRICANUS once referred to sulphur-burners 
(alchemists in particular) as ‘stupid fellows who mummify 
themselves with sulphur and other horrid stinks.’ 


Continued on Page No. 24 


PERIODIC PROPERTIES OF SULPHUR 


——————OO ne ee 
SYMBOL CRYSTAL STRUCTURE (1) ACID BASE PROPERTIES (2) * 
vA 


ELECTRO-NEGATIVITY 

(Pauling s) 
“HEAT OF VAPORIZATION 
(kg-cal/g-atom) (3) 
HEAT OF FUSION 
| (kg-cal/g-atom) 
ELECTRICAL CONDUCTANCE 
(microhms)* (4) 
THERMAL CONDUCTANCE 
(cal/cm?/°c/sec) (5) 


COVALENT RADIUS, A°- 
ATOMIC RADIUS.A%(7) 


(ONIC RADIUS, Ae (6) [ 


ATOMIC VOLUME, W/D 


FIRST |QNIZATION ENERGY 
(k-cal/g-mole) 


SPECIFIC HEAT ——— 
cal/g/®c) 


(1) Cubic 

(2) Oxides of Sulphur are acidic in 
character, and are indicated by dark red 
colour. intensity of colour indicates 
relative strength. 

(3) At boiling point. 

(4) From O°C to 20°C. 

(5) At room temperature. 

(6) lonic (crystal) radii for 
co-ordination number 6. 

(7) Metallic radii for 
co-ordination number of 12. 
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HORIZONTAL LEGEND 


1. The element occurring in the free state in volcanic countries known as “‘Brimstone”’ 
to man in the earliest period of history. Also mentioned in the Old Testament. (7) 

2, The spelling of sulphur approved by the American Chemical Society and used in 
scientific writing in the United States. (6) 

3. The most stable crystalline form of sulphur at ordinary temperatures (7) 

4, When sulphur is distilled rapidly and the temperature of the receiver ie above the 


melting point, the vapours condense as a liquid; this sulphur is collected in 
cylindrical container — hence a special name was derived for this variety of sulphur 


(447) 


PHYSICAL PROPERTIES OF SULPHUR 


PERIOD GROUP 


ATOMIC NUMBER ——~= =— ATOMIC WEIGHT (1) 


BOILING POINT, °C OXIDATION STATE (2) 


MELTING POINT, °C 


DENSITY (g/ml)-(4) SYMBOL 


*— OCCURRENCE/STATE 


VALENCE ELECTRONS —> sELECTRON STRUCTURE 


(3) 


(1) Based upon Carbon-12. 

(2) The element Sulphur has three 
Oxidation states:1+2, 4, 6, of which 
+6 Is most stable. 

(3) Sulphur has 6 valence electrons 
in its outermost orbit. 
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A process by which an -OSO,0H grouping is established on carbon. (10) 

One of the two countries where volcanic sulphur is found to occur. (5) 

The German Bacteriologist, who gave the ideas of the mechanism of action of 
chemotherapeutic agents, which resulted in the invention of sulpha drugs. He was the 
joint winner of the 1908 Nobel Prize for Medicine. ( 4 + 7 ) 

The Greek poet to whom are attributed the epics, the Iliad and Odyssey. The Poet 
reports that Odysseus burned sulphur in his home — presumably as a fumigant — after 
he had slain his wife's suitors. (5) 

An island in the Mediterranean — known for its Volcano ‘Etna’’ — where the first 
commercial sulphur in modern times was produced early in the fifteenth century. (6) 
Solutions of excess sulphur trioxide in 100% sulphuric acid. (5) 

Intake of very high concentrations of sulphuric acid causes death by a kind of spasm. 
Name this spasm. ( 9 + 5) 

One of the horizontal neighbours of sulphur, which is an important ingredient of 
safety matches. (10) 

A group of commercially important metal ores. (9) 


One of the two countries where volcanic sulphur occurs. (5) 
Hydrogen sulphide is one of the constituents in the gases ejected from a particular 


origin. Name these gases. ( 8 + 5 } 

A well known, sulphur containing, sweetening agent ( 6 + 20 ) 

A new mode of application of sulphur paints. This use has opened the new era of 
application. (7 + 7 ) 

A process of attaching — SOgOH grouping to nitrogen. (12) 

An unstable form of sulphur, composed of long, needle-like crystals. (10) 


Contd. on page 22 
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(Part One) 


SULPHUR 


(PART ONE) 


Seat S, is s non-metallic element of atomic number 16 and 
atomic weight 32.066. Sulphur is situated in Group Vla and 
Period 3 of the periodic system. It is a member of “ Oxygen Family *’ 
coming next to oxygen and to be followed by Selenium, Tellurium and 
Polonium, in Group Vla. Sulphur is flanked by Phosphorus and Chlorine 
in Period 3. 


The element was discovered prior to the recorded history. Sulphur was 
known te the ancients and is mentioned even in the Bible, the old name 
Brimstone ( = ‘ burning stone’ ) remains a trade name for one type of 
sulphur. Sulphur is said to have known in China and India in very 
distant past. 


Sulphur is wide-spread in lithosphere, and is one of the few elements 
found in nature in the elemental form. In the earth's crust it occurs ag 
elemental sulphur; it is present in almost all minerals and ores. It is 
also found as an element or as its compounds in ocean, mineral! 
springs, volcanic gases and urban atmosphere as a result of industrial 
activity. 


Sulphur is essential to plent and enimsal life. Generally, hair, eggs. 
vegetable matters comprise of sulphur to a emstter or larger extent. 
Many plants contain sulphur compounds that give them distinctive 
flevoure ; for exemple, onion, garlic, and mustard. 


Sulphur is one of the most widely used elements in industry. Either as 

the element or as s compound produced from the element, sulphur is 

basic to the manufacture of nearly everything that our present civiliza- 

tlon produces. Sulphuric acid, most of which is produced from sulphur, 

is, at least so far as tonnege is concerned, the most important industrial 

chemicat. Sulphuric acid, in turn, finds the largest field of application 
in the production of Fertilizers. 


8 
in the elemental form. sulphur is used in the manufacture of pulp and 


paper, carbon disulphide, the vulcanization of rubber, the processing of 
elastomere, for crop dusting, In black powder, cements, highway mark- 
ing paint, in medicine, and other emaller—scale applications. 


The spelling su/fur is epproved by the American Chemical Society and 
le used in scientific writing in the United States; however, the older 
spelling su/phur remains current in Great Britain, Canada, Indie, and in 
other countries under British English Language influence, end in much 
commercial and popular writing in the United States. 


DISCOVERY 


unr In Its free state was well known to the ancients. In 
Assyrian texte (Assurbanipal, 668-626 BC) Sulphur is often 
mentioned as the “ prodect of the riverside’’, which was deecribed to 
have a yellow and sometimes b/sck colour. This black colour of sulphur 
is certainly attributed to the presence of asphsit in it. Originally, 
sulphur was used for medicinal’ and religious purposes to purify ils and 
ward of evils. 


To the early Hebrews.@ sulphur symbolized @ed's Mwth which is 
Iilustrated in various perts of the OW Jastenent (1: Geelrectinn ot 
Sedem und Gomorrah), The exact location et Sodem end GOMOMen ts 
difficelt-to establish. The Bidlical scopunt ef mem Geatrertin iets -: 
“Then the Lord rained epon Sodom wé epon Gomorrah bineteac ard 
tive from the Lord out of heaven.” (Gen. 70, 24). hr his ensyrepethette 
interpretation of Jobd’s sultering, Bildad set ferth the PentaneM et tro 
Wicked, ahd added that ’ Brimstone cra be pected upon Me habite- 
tian”. (Job, 18, 15). Ezekiel prophesee@ « cinta onheevel whith, he 
ssid, was to be accompanied by “2a great sheking in the land of 
lerael,..............-8n ovefflowing rain, and great hetetenes, fire, end 
brimstone ‘' (Ezek. 38, 19-22). 


Gitcel weitere weed the flemmability of sulphur to symbolize fosment 
and Gevwuttion. in epesking ef the condemned Tophet, Isaiah mentioned 
liqgeid evlptur : “ the Breeth of the Lord, like a stream of brimstone, 
@uth kindle f° (We. 98, 33). Although there seems to be no suggas- 
tion in The Bite thet the levfews made any use of sulphur, the Greeks, 


‘wven in the time cf HOMER, employed it as a fumigant. In 1000 BC, 
Homer veperts that Odysseus burned sulphur in his home — presumably as 
@ Temigum only - efter he Ned slain his wife's suiters. Odysseus 
‘eptted vw Baryetedé, ~ Bring eelphur, old nurse, that cleanses all pollu- 
en, and trtag me fire, that 1 may purify the house with sulphur. 


PLINY described the Italian and Sicilian deposits {n ‘great deteil, 
mentioning the use of block sulphur for medicine! purposes, the. Steach- 
ing of cloth with sulphur vapour, and the frenufeetere ef sulphur 
matches and lamp wicks. GEORGIUS AGIRCOLA stated thet these matches 
could be ignited by friction on stone and ueed for Heting candies and 
dry wood. He also left no doubt es to his opinion of gun powder 
when he seid : ’ Sulplwr ie also made to enter into thet powder — oxec- 
ratle invention — which hurls iron, brass, a stone inetruments of wer 
of s new kind. °’ 


It Becomes 2 difficult task for the modern chemist to understand the 
early literature of sulphur, for the name was incorrectly used to Gesig- 
nate all combustible substances. In the tenth century, Jebir belivved 
that the metals were compounds of sulphur and mercury: and hence 
these two elements came to have great significance for the alchemists, 


GEORGIUS AGRICOLA, 1494-1555- 


German metaliurgist. Author of “De 
Re Metal!lica'’’ a famous Latin trea- 
tise on mining and metallurgy, which 
has been translated into English by 
Ex-President and Mrs. HERBERT 
HOOVER. Described the recovery of 
sulphur from its ores as well as from 
sulphides. . 


FIGURE 1? 


JOHANN JOACHIM BECHER, 
1635 ~ 1682 


German chemist and physician. Foun- 
der of the ‘'Phlogiston Theory’’. 
Becher called “Terra Pinguish" to 
what stahl described as ''Phlogiston" 
His experiments on minerals are 
described in his treatise ‘Physica 
Subterranea”. 

FIGURE 2 


GEORG ERNST STAHL, 1669-1734 


German chemist, physician and pro- 
fessor. Co-founder of the “‘Phlogiston 
Theory" of combustion. Author of 
“Fundamenta Chymial Dogmatical 
et Experimentalis’’. He distinguished 
between potash and soda. 

FIGURE 3 
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ABU MANSUR mentioned the use of the former as an antidote for various 
kinds of metallic poisoning, and PSEVUODL GEBER told how to prepare 
milk of sulphur by adding vinegar to alkaline sulphur solutions. Some 
scholars regard the Latin work: “ /nvention of Verity, Or Perfection’, 
as a translation of an unknown Arabic treatise by Geber (Abu Musa 
Jabir ibn Hayyan). who lived in the tenth century A.D. It is now 
believed, however, that Geber (Jabir) and Pseudo!l-Geber (the author of 
the ‘ /nvention of Verity, or Perfection’’) must have been separated by 


five centuries of time. 


The sulphur and mercury which composed metals were recognized as 
being, respectively, the principles of combustibility and liquidity rather 
than the actual substances themselves, which were, of course, fdiniliar 
to the alchemists. 


The early alchemists also developed considerable practical and theoreti- 
cal knowledge regarding the properties and uses of sulphur. They 
prepared sulphur from various minerals, and with its aid produced 
many new COmpounds and refined metals. Its particular properties also 
led them.to develop theories which dominated chemistry for a_ thous- 
and years. They regarded it as the principle of combustion (Ph/ogiston) 
and assumed that all combustible materials contained sulphur. This 
misconception delayed the recognition of sulphur as an element. 


THEORY OF PHLOGISTON 


The Theory of Phlogiston, first proposed by JOHANN JOACHIM 
BECHER and greatly advanced by GEORGE EARNST STAHL went back to 
the old idea of JABIR that combustible bodies lost something when 
they burnt. BECHER’s Terra-pinguis became STAHL’s Phlog/ston, 
which was not fire itself — but the material of fire. Metals were compos- 
ed of a Ca/x, different for each metal, combined with ph/ogiston, 
which was the same in all metals and common to all combustibles. 


When a metal, such as lead or tin, was calcined in the air, ph/og/iston 
was evolved and a Ca/x was left behind. When a Candle or Charcoal 
was burnt in the air, it gave off phiogiston (manifest as heat and light) 
and very little residue was left: wax and charcoal mainly consisted of the 
material of fire. When aca/x was heated with charcoal out of contact 
with air, the ph/ogiston of the charcoal recombined with the calx and 
the metal was regenerated. 
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HENRY CAVENDISH, 1731 - 1810 


English chemist and physicist. First 
to distinguish hydrogen from other 
gases. Independent discoverer of 
nitrogen. Gave the first ever blow, 
alongwith JOSEPH BLACK, to the 
‘Theory of Phlogiston” by their Anti- 
phlogistic experiments. 


FIGURE 5 


JOSEPH BLACK, 1728 - 1790 


Scottish chemist, physicist and phy- 
sician. Professor of chemistry at 
Glasgow. He clearly characterized 
carbon dloxide ( “fixed air’’) as the 
gas which milds the caustic alkall 
and distinguished between megnesia 
and lime. Discovered the latent heats 
of fusion and vaporization. Invented 
ice calorimenter with CAVENDISH, 
overthrew the ''Phiogiston Theory”. 


FIGURE 4 


KARL WILHELM SCHEEL , 
1742 — 1786 

Swedish pharmacist and chemist. 
Independent discoverer of oxygen. 
Discovered arsenic acld. Distinguish- 
ed between nitric and nitrous acids. 
Discovered tungstic and molybdic 
acids. With JOSEPH PRIESTLEY, 
prepared ‘dephlogisticated air’ and 
' phlogisticated air’ and shook the 
basis of the “Phlogiston Theory". 


FIGURE 6 


In this way, a generalisation was made which accounted for the two 

_ opposite processes of ox/dation and reduction, and moreover it was 
able to predict certain chemical consequences which were verified later 
by experiments. 


The heat given off by the animal bodies and its restoration by food 
were also explained by ph/ogiston. The fact that combustion and 
life ceased in a confined volume of air was due to the swift whirling 
motion of the ph/ogiston that filled the air. which when saturated 
could take no more. In considering the wide acceptance of STAHL’s 
theory it must be borne in mind that it gave expression to the very strik- 
ing facts that in combustion somthing was emitted by the burning 
body, viz., heat, and in the reduction of a ca/x by charcoal, something— 
potential energy, or the power of giving out heat again — was restored to it. 


e 

This phlogistic theory later on suffered the first blow at the hands of 
JOSEPH BLACK and HENRY CAVENDISH by their Antiphlog/stic Experi- 
ments. Lateron, KARL WILHELM SCHEELE and JOSEPH PRIESTLEY 
prepared deph/logisticated air and phlogisticated alr that shook the 
basis of the Ph/ogiston theory. The ph/ogiston theory was virtu- 
ally overthrown when ANTOINE LAURENT LAVOISIER gave the true 
explanation of combustion and respiration. This was the death- 
blow to the phlogistic theory. 


CORTES and his daring conquisatadores made use of sulphur to 
prepare their first gunpowder, The required sulphur was obtained from 
the rumbling, smoking crater of Mount Popocatepetl. A brave spaniard, 
FRANCISCO MONTANO, descended the volcano by means of a rope, 
seventy or eighty fathoms, and obtained a sufficient quantity of sulphur. 


Until 1849, there seems to have been no repetition of this exploit. 
During the 1850s, however, intrepid miners, or vo/caneros, used to 
make the difficult ascent of this mountain. After being lowered by a 
windlass into the stifling crater, they used to collect about ten 25- 
pound sacks of sulphur, which they pushed over the rim of the crater 
and allowed to slide down the steep, snow-covered slope of the 
mountain. At the Tlamacas rancho the sulphur was purified by 
distillation, 


In the year 1700, when JOSEPH-PITTON TOURNEFORT wés travelling 
in the levant, he noticed the common occurrence of sulphur in volcanic 
regions near the sea. He describes : ‘’ Such are the famous’ volcanoes 
that vomit F/ames of Fire: Vesuvius, Stromboli, Mount Aetna. Mountains 
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JOSEPH PRIESTLEY 


English chemist. A dissenting clergyman. 
Celebrated discoverer of oxygen. Authored 
two books : “On Different kinds of Alr'’ and 
"History of the corruptions of christianity’ 
with K.W, SCHEELE, became instrumental! 
in overtrowing the "“Phlogiston Theory". He 
great desire was : To bless and elevate the 
mankind", 

FIGURE 7 


ANTOINE LAURENT LAVOISIER, 
1743 - 1794 


French Chemist and father of modern 
chemistry. Gave trua explanation of 
combustion and respiration, and gave 
a death-blow to the ‘‘phlogistic doc- 
trine’’ that had dominated the deve- 
lopment of chemistry for more than a 
century. Was guillotined on May 8, 
1794. JOSEPH LAGRANGE rightly 
paid homage : ‘It required only a 
moment to sever that head and per- 

haps a century will not be sufficient 
to produce another like it’’. 


FIGURE 8 


SIR HUMPHRY DAVY 1778 - 1829 


British chemist. Isolated the alkali 
and alkaline earth metals and boron. 
Proved that chlorine is an element. 
Believed that sulphur was a com- 
pound containing combined oxygen. 
FIGURE 9 
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in Iceland, Fayal, Pic-Teneriffe, In these Islands and on the Coasts of 
the Terra-firma of America (Panama) there are Fires which have been 
burning from the begining of the world,,........... The sulphur of Milo 
( = the Island of Melos ) is very beautiful, and has a greenish shining 
Cast, which made the Ancients prefer it to that of Italy mer 


In 1759, COUNT VINCENZO MASINI of Cesena, Italy, published a 
Patriotic poem on sulphur, in which he described its extraction, puri- 
fications and applications. In eloquent Italian verses COUNT MASINI 
gave poetic expression that vegetables and animals exert en influence 
over the formation of the metals and the so-called semi-metais ; 


*e ..,,.Entro le blaze 
Fra dumi, e fra dirupi il zolfo aligna, e 
Che piante € vegetabili pur sono 
L‘oro, |’ arganto, il rame, il ferro, il zolfo...... ” 


The English translation of this poem runs thus : 


eae Within the rocks, among the thorns, 
Between the cliffs, sulphur takes root: 
For gcld, silver, copper, iron, and 
sulphur Likewise are Plants...... ns 


The Abbe’ LAZZARO SPALLANZANI described the sulphurous fumes of 
Volcano, and added that : ‘‘ Above these fumes there is a plain, of no 
greater extent, which one is at first afraid to venture on, from the 
subterranean noise heard there, and from the shaking of the ground 
when struck with the foot..... On this plain it was that formerly stood 
the furnaces in which the sulphur of Volcano was purified. But this 
useful labour has long since been abandoned......nor was it absndoned 
because the quantity of sulphur obtained was too little... ... ,as the 
vein is very rich and even inexhaustible. The real cause why the 
inhibitants of Lipari no longer continued this was that the ground ...,.. 
grows hotter and hotter the deeper it is dug into......,to which is to be 
added the offensive stench of the su!phureous fumes...... S 


Although sulphur has been known and used by man for thousands of 
years, it was considered a sfrange (rare) earth until LAVOISIER proved 
that it is an element. Prehistoric man used sulphur to colour his cave 
drawings, and supposedly ate sulphur as a spring tonic to purify his 
blood. Man discovered that the strange yellow rock would burn with 
an ethearesl blue flame, and give off a sharp, pungent odour. This 
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LOUIS JACQUES THENARD 
1777 = 1857 


Professor of chemistry at the Ecole 
Polytechnique. Discoverer of hydro- 
gen peroxide. Collaborator with GAY 
LUSSAC in his researches on potas- 
sium, boron, iodine and _ chlorine. 
With GAY LUSSAC, thoroughly estab- 
lished the elementary nature of 
sulphur. 

FIGURE 11 
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LOUIS JOSEPH GAY LUSSAC 
1778 — 1850 


Professor of chemistry at the Ecole 
Polytechnique and at the Jardin des 
Plantes. Prepared potassium and I|so- 
lated boron. Enunciated his famous 
‘Law of combining volumes of gases” 
With THENARD, established the ele- 
mentary nature of sulphur. 

FIGURE 10 


ANTOINE FRANCOIS DE FOURCROY, 
1795 — 1809 


French chemist of Revolutionary 
peried. Defender of LAVOISIER’s 
views on combustion. In collaboration 
with LAVOISIER, GUYTON DE MOR: 
VEAU, and BERTHOLLET. he carried 
out areform of chemical nomencla- 
ture. Prepared and analyzed many 
reagents and medicinals. Observed 
an odour of hydrogen sulphide when 
biie was treated with hydrochloric 
acid or distilled. 


FIGURE 12 


seemingly supernatural power led him to believe that burning sulphur 
could be used to ward off evil spirits. 


Historians report that some twenty centuries before the birth of 
Christ, high priests used these same qualities of sulphur to add mysti- 
cism to temple sacrifices and purification rites. These early practices 
were probably the origin of the notion that hellfire is fueled by 
brimstone. About 1600 8C, the Egyptians discovered that sulphur 
dioxide from burning of sulphur had more practical value as a bleach 
for cotton and linen. Egyptian artists, at the same time, used various 
sulphur compounds as colour additives for paints. Homer — the renowned 
Greek poet to whom are attributed the epics; the //iad and the Odyssey — 
reports in 1000 BC, that Odysseus burnt sulphur in his home after he 


had slain his wlife’s suitors. 2 


One of the contemporary uses was developed about 500 BC, when the 
Chinese invented gun-powder, using sulphur as an ingredient. The 
‘historian PLINY writes that in AD 50, sulphur possessed fourteen medical 
virtues. 


During the Middle Ages, the alchemists were concerned with sulphur, 
for they believed that its absence; or presence in varying quantities, 
accounted for the difference between base metals, and the noble metais, 
silver and gold. It is in these ages that sulphur was classified as one 
of intermediate minerals as bsing neither stone nor metal. Even SIR 
HUMPHY DAVY in 1808, believed that sulphur was a compound conta- 
ining combined oxygen. It, therefore, remained for LAVOISIER to 
demonstrate that sulphur is an elementary substance. 


During the time of the CAESARS, it was used, in tinder boxes, and In 
preparing lamp wicks for easy kindling. It was also used in bleaching 
cloth. 


Very little is known regarding the production of sulphur by the ancients. 
Since it occurs free in nature, it was probably obtained from surface 
ores and containing the element in an uncombined state, During the 
RENAISSANCE, when black powder came _ into universal use, sulphur 
became an important commodity. Methods for its recovery were develo- 
ped. AGRICOLA described its recovery not only from ores containing 
the free element but also from sulphides, and as early as 1530 sulphur 
was recovered from pyrites in Sweden. In 1740, JOSHUA WARD in 
England produced sulphuric acid by burning sulphur with salt petre. The 
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sulphuric acid Industry was born, and with the birth of that industry, 
sulphur became of universal importance. Today, sulphur in one form or 
another is recognized as one of the essential elements of modern Industry. 


In the latter part of the eighteenth century, A. L. LAVOISIER and his 
adherents regarded sulphur as en element. As late as. 1809, how- 
ever, SIR HUMPHRY DAVY believed that it contained oxygen and hydro- 
Gen as essential constituents and that. it was similar in composition to 
the resins. Experiments by A. BERTHOLLET. son of C, L, BERTHO- 
LLETS, had indicated that sulphur conteins, hydrogen. From his own 
experiments with Sicillian sulphur in 1808, SIR HUMPHRY DAVY 
concluded that “‘the existence of hydrogen is fully proved”-and that 
‘‘sujohur, in its common state, is a compound of small quantites of 
oxygen | and hydrogen with a large quently of a basis that produces 
the acids of sulphur in combustion...... * At last, in 1809, GAY-LUSSAC 
and THENARD thoroughly established the elementary nature of sulphur. 


By 1810, DAVY had changed his views and suspected ‘‘a notable pro- 
portion of oxygen in sicillian sulphur, which is probably owing to the 
presence of oxide of sulphur..... ,Considering the manner in which 
eulphur is procured in sicily, it might be expected to contain oxygen;s 
when taken from the mine, the limestone rock cantaining it, broken 
into small fragments, is subjected {fo heat in a kind of kiln, sinks, 
and flows out through an opening designed to give issue. This pro- 
cess | observed at the extensive sulphur mines in neighbourhood of 
Gujenti (Girgenti or Agrigentum), and ! believe it is generally in use 
throughout the eulphur districts.” 


Sulphur In Loulsiana and Texas 


.FROSPECTORS, who were boring for petroleum in Louisiana in i865, 

discovered & great sulphur deposit beneath a layer of quick sand five hun- 

dred feet. thick. After several companies had failed in all attempts to 
exploit , this sulphur, OR. HERMANN FRASCH, in about 1890, began to 
study the problem. 

<n 

he, eutohur deposit. where DR. FRASCH began his work, wes situated 
is eb Barish, Lousisiana. This deposit was buried hundreds of 
feet beneath spocessiye strata of clay. gravel and quick. sand which 
gente ined hydragen sulphide. During the 1870s and 1880s, vorious 
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unsuccessful attempts were made to sink mine shafts down to the 
sulphur formation. This idea had finally to be abandoned after five 
men were asphyxiated by hydrogen sulphida, In the 1890s, DR 
HERMANN FRASCH, who had previously developed a process for remov- 
ing sulphur from crude oil. showed his interest in the Louisiena sul- — 
phur deposit. DR FRASCH realized that the usual rock-mining pro- 
cesses could not be used to recover the sulphur from this Louisiana 
deposit economically enough to compete with Sicilian sulphur. He 
conceived the idea of melting the sulphur underground by _ injecting 
superheated water into the formation. and then lifting the moiten sul- 
phur to the surface with a sucker—-rod pump. DR. FRASCH proceeded 
with his scheme and, in December 1894, pumoed the first flow of molten 
sulphur from the Calcasieu Parish deposit, After a succession of setbacks. 
the Frasch Process was established as a commercial success, in 1902. 


in recognition of his invaluable services to the mankind, he was awar- 
ded the PERKIN MEDAL, In 1912. His method of attack is carefully 
recorded in his acceptance of the medal : 


“To meet the extraordinary conditions existing in this deposit, | decided 
that the only way to mine this sulphur was to melt It in ‘he ground and 
pump it to the surface inthe form ofa liquid . At that time, the 
drilling of a well in an alluvial deposit containing quick—sand, etc, was 
a very tedious task, and it took from six to nine months to get through 
the alluvial material to the rock—work, which we do today in three days.. 
When everything was ready to make the first trial,,...... we raised 
steam in the boilers, and sent the super-heated water into the ground 
without a hitch. If for one instant the high temperature required should 
drop befow the melting point of sulphur, it would mean failure  .. 


“After permitting the melting fluid to go into the ground for twenty four 
heurs, | decided that sufficient material must have been melted to pro- 
duce some sulphur. The pumping engine was started on the sulphur line, 
and the increasing strain against the engine showed that work was 
being done. More and more slowly went the engine, more steam was 
supplied, until the man at the throttle sang out at the top of his voice : 
‘She's pumping’. A liquid appeared in the polished rod, and when | 
wiped it off with my finger! found my finger covered with sulphur 
Within five minutes the receptacles under pressure were opened, and a 
beautiful stream of the golden fluid shot into the barrels we hed already 
kept ready to receive the product..... .. When everything had been 
finished, the sulphur all piled up in one heap, and the men had departed 
re 1 mounted the sulphur pile and seated myself on the very top. 
It pleased me to hear the slight noise caused by the contraction of 
warm sulphur, which was like a greeting from below............. = 
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DR. HERMANN FRASCH was educatec in Germany as an apothecary’s 
apprentice, and went to the United States at the age of sixteen years. 
Atter spending most of his life there and making many notable contri- 
butions to chemical engineering, he lived in retirement in France, 
where he died in 1914 at the age of sixty two years. 


Sulphur in Plants 


NICOLAS DEYEUX, in 1781, first demonstrated the presence of sulphur. 
He detected it in the roots of the dock, the cochlearia, and the horse 
radish. SCHEELE, however, not being sure of the discovery, thought 
that the plants which OEYEUX had analyzed must have grown near 
‘hepatic air ’‘ (hvdrogen sulphide ) or pyrite. Sulphur is not established 
as arf essential element for plant growth. 


In many early plant analysis, only the non-volatile sulphur, which 
appeared as sulphates in ash, was determined. Modern analytical 
methods, which prevent volatilization and loss of organic sulphur com- 
pounds during the combustion, show that plants require larger amounts 
of sulphur than was formerly believed. 


Sulphur In Animals 


a 


HEINRICH AUGUST VOGEL, in 1813, published in the ‘“‘Annales de Chimie 
et de Physique a paper ’‘On the existence of sulphur in the bile and 
in the blood ''. CADET and FOURCROY observed an odour of hydrogen 
sulphide when bile was treated with hydrochloric acid or distilled. 
Guided by these results, VOGEL distilled two killograms of fresh Ox 
bile from a large glisse retort connected to a flask containing a 
solution of lead sulphide revealed the presence of sulphur in the bile. 
He also showed its presence itn blood and urine. The ‘’ Encyclopedie 
Methodique ‘’ (1815) mentioned the presence of sulphur in albumen, 
hair and wool. 


Commercial Production of Sulphur 


The firet commercial sulphur in modern times was produced in Sicily 
early in the fifteenth century. Competition for control of Sicilian sulphur 
deposits was generated in 1735 by commercial development of 8 precess 
to manufacture sulphuric acid from sulphur. Sulphur production, thus, 
became Sicily‘’s chief industry. A Freneh Company, realizing the potential 
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value of sulphur, gained control of the Sicilian deposits in 1839 and 
subsequently raised the price of sulphur from $25 to $75 per ton. 
Other countries, particularly England and the United States, undertook 
the development of their own sources. They soon learned that sulphuric 
acid would be made from sulphur dioxide derived from the roasting of © 
iron pyrites. As a result, Sicilian sulphur production received a severe 
set-back from which it never recovered. 


TO BE CONTINUED 
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[ Chemistry Cross-Word Puzzle : Sulphur (Continued) } 


One of the vertical neighbours of sulphur. An amorphous red powder, which is an 
essential trace element in animal feeds ag well ag in electronics. (8) 

A reasonably economical so'rce of sulphur for the manufacture of sulphuric acid (6) 
German-born American Chemist, who is best known for the process of extracting 
sulphur from deep underground deposits by the use of superheated steam. (6). 

A group of compounds characterized by the presence of both sulphur and nitrogen, 
with high specificity for certain bacteria. ( 6 4 5 ). 

One of the vertical neighbours of sulphur, after whom the whole “family’* of Group 
VIA elements is known (6). 

The scientist who first made carbon disulphide by heating pyrites with carbon (9). 

A procedure by which the sulphonic acid group, -SO4QH, or the corresponding salt, is 
attached to a carbon atom, (12) 

A compound of sulphur, whose property of bleaching linen was known and practiced 
as early as 2000 BC in Egypt. (7 +7) 

A commercial variety of sulphur, which is prepared by acidifying a solution of calcium 
poly—sulphide. Also known as precipitated sulphur. (4 4+ 2 +7). 

The Scientist who first carried out studies on Hydrogen sulphide. Also responsible 
for helping in overthrowing the Phlogiston Theory (7). 

The Scientist who first determined composition of Hydrogen sulphide. (10). 

One of the two scientists who finally proved that sulphur was an element. (7). 


VERTICAL LEGEND 


32. 
33. 


34. 
35. 


36. 
37: 


38. 


39. 


40. 


41. 


Sulphur dioxide dissolves in water to form this weak acid(10 +4) 

The latest process to manufacture very concentrated sulphuric acid. In this process, 
SOg is oxidized to SOg by means of air only. (7 + 7) 

The dyes which are important for the dyeing of yarn, knitted goods, and socks. (7-4-8). 
A hypothetical substance or principle. Ouring the middle ages the alchemists regarded 
sulphur as principle of combustibility. (10) 

Qne of the two scientists who finally proved that sulphur was an element. (3 + 6 ) 
A colourless, fuming liquid which finds application as a chlorinating agent in the 
Organic synthesis (7 + 8) 

The English meaning of the word Brimstone — by which sulphur was known to the 
ancients ( 7 + 5) 

One of the horizontal neighbours of sulphur, which is a diatomic gas with non— 
combustible properties, greenish-yellow colour and pungent irritating odour. (8) 

The scientist who first classified sulphur as an element. He also gave a death - blow 
to the ‘‘ Theory of Phlogiston *’ (9). 

A special variety of sulphur—containing cement employed in HNO g and ‘HF service 
as well as in dyestuffs plants. (7 + 6 ) 

World’s first offshore sulphur mine began operations in 1960, some 7 miles off coast 
of Louisiana in a particular Gulf. Name this Gulf. (4 4+ 2 +6) 
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43. 


44, 


17. 


45. 


94. 


95. 


A clear, faintly yellowish, highly flammable liquid with strong, disagreeable odour, 
which is used as a solvent for many compounds. ( 6 + 10). 

A special kind of sulphur is obtained when sulphur is distilled slowly and the vapour 
is condensed into solid finely divided particles. Here, the temprature of the 
receiver is below the melting point of sulphur. (7 + 2 + 7}. 

A colourless gas. composed of Hydrogen and Sulphur, which has disagreeable and 
very offensive odour. Present as one of the substances expelled by volcanoes during 
their erruptions. ( 8 + 8 ). 

The Lewis base : water, when added to the Lewis acid: sulphur trioxide, forms the 
most impartant compound of sulphur, and at the same time the most important mineral 
acid at all. (9 + 4). 

About 85% of the total sulphur produced is converted to sulphuric acid, that, in turn, 
is used in a field which provides the basis to the food supply of the world. (11). 

The Latin word from which the name sulphur is derived (9) 

Mode of use of sulphur in the Rubber industry (11) 

Colour ot the elemental sulphur. (6) 

The old name of sulphur, known to ancients and mentioned even inthe Bible, which 
still prevails as a trade name for one type of sulphur (9) 

The name by which sulphur was known to Greeks. (6) 

A group of organic compounds ressembling alcohols but having the oxygen of the 
hydroxyl! group replaced by sulphur. (10) 

A group of sulphur—containing chemical compound used in treating bacterial 
diseases. (13) 

An obsolete process to manufacture the so—called fertilizer grade sulphuric acid. Here 
oxides of nitrogen are used to oxidize SOg. (7 +7). 

If hot sulphur is poured in a thin stream into cold water, a brown-yellow plastic 
rubber-like mass is obrained. ( 7 + 7) 
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The first commercial sulphur was produced in Sicily, 
Sulphur was recovered from the ore pyrites in Sweden. 
JOSEPH-PITTON TOURNEFOOT, while travelling in the Levant, 
noticed the common occurrence of sulphur in Volcanic 
regions near the sea. 

JOSHUA WARD in England produced sulphuric acid by 
burning sulphur with salt petre. 

COUNT VINCENZO MASINI of Cesena, Italy, published a 
patriotic poem on sulphur, in which he described its 
extraction, purification and uses. 

Sulphur was first classified as an element by 

ANTOINE LAVOISIER, 

Hydrogen sulphide was first studied by SCHEELE, 

The presence of sulphur in plants was first demonstrat- 
ed by NICOLAS DEYEUX, 

Carbon disulphide was first made by LAMPADIUS by heat- 
ing pyrites with carbon. 

BERTHOLLET first determined the composition of hydrogen 
sulphide. 

SiR HumPHRY DAVY believed that sulphur was a com- 
pound containing combined oxygen. 

Josep GAY-LUssSAC and LOUIS THENARD proved sulphur 
as an element. 

HEINRICH AUGUST VOGEL published a paper on : 

Oi. ProsPectors drilling in Calcasieu Parish, Louisiana, 
found the first sulphur deposit in United States. 

DR HERMANN FRASCH became interested in the Louisiana 
sulphur deposit, to find out the process of extracting 
sulphur from mines. 

Dr, HERMANN FRASCH pumped the first flow of molten 
sulphur from the Calcasteu Parish deposit. as 
‘The Existence of Sulphur in the Bile and in the Blood‘ 
Frasch Process was. after a succession of set-backs. 
established as a commercial success. 
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Woodcut showing Distillation of Sulphur in 1557 


SULPHUR 


( Part Two ) 


OCCURRENCE 


SuLPHuR is widely distributed over the earth. The avérage sulphur 
content of the outer crust amounts to 0.048%, which puts sulphur in 
15th place in the abundance of the elements. Besides oxygen and 
silicon, sulphur is the most abundant element in minerals. 


Sulphur occurs both in elemental form and in combination with other 
elements as sulphides, or sulphates. it has also been detected in stars, 
in cosmic clouds, and in the sun; it is estimated to be Sth in order of 
abundance in the cosmos, It is often found as the free element in the 
volcanic regions. 


Significant qnantities of frea and combined sulphur are found in coal 
and petroleum. In fact the concern for the environment has emphasized 
the scarcity of fossil fuels that are sufficiently low in sulphur to be 
burned without polluting the atmosphere. Sulphates are found in the 
ocean and both sulphates and hydrogen sulphide occur in many mineral 
waters. Although sulphur does not appear to be the natural constitu- 
ent of the atmospheres, sulphur dioxide is present in most urban atmos- 
pheres as a result of industrial activity. Volcanic gases contain 
hydrogen sulphide. 


Sulphur is essential to plant and animal life. On an average animal 
bodies contain about 1.6% sulphur, principally in hair and eggs; 
vegetable matter contains about 0.4%. Many plants contain suphur 
Compounds that give them distinctive flavours, for example, onion, 
garlic and mustard. 


Mineralegy 


Many commercially important metal ores are sulphides; s few examples 
are listed here : pyrite Fe,S; Chalcopyrite, CuFeS, ; Sphalerite, ZnS , 
galena, Pbs; Stibnite, Sb,S, ; Cinnabar, HgS ; and pentlandite, (Fe, Ni, 
Co),S,- Naturally occurring sulphates include anhydrite, CaSO, ; gyasum, 
CaSO,. 2H,0O; kieserite, MgSO,.H,O ; and heavy spar, BaSO,. 


Elelnental Sulphur 


Elemental Sulphur is pure sulphur, sometimes containing traces of arsenic, 
selenium, or tellurium, and often mixed with clay and/or bilumen. 
Sulphur is a relatively soft mineral, usually of a characteristic yellow 
Colour, but sometimes greenish or greyish due to impurities. 


Elementa! sulphur chiefly occurs in sedimentary and voicanic deposits; 
commercial sources being; saltdomes, bedded deposits found in associa- 
tion with gypsum and anhydrite, extinct volcano vents, and fumaroles 
(hot sulphurous springs). Out of these, Saltdome deposits are the largest 


single source of elemental sulphur, and account for C. 60 percent of 
its total production in the world; these deposits occur at varying 
depths (upto 900 mm.) and in various sizes. 


Elemental su!phur originates by differents means. Deposits, associated 
with volcanism, may be formed by : condensation of sulphur vapours: 
reaction between H,S and SO,; and oxidation H,S to H,O and S. 
Sulphur may be deposited by oxidation and by sulphur bacteria from 
thermal springs containing H,S. One or other of these processes has 
probably given rise to most of the sulphur of volcanic regions, and: has 
also contributed to the sulphur of sedimentary beds, such as those of 
Silicy and Russia. Sulphur in saltdome, which is generally associated 
with anhydrite, gypsum, limestone, carbonaceous matter and hydrocarbons, 
is regarded to have originated from anhydrite through reduction by 
anaerobic bacterial which derive their energy from the hydrocarbons of 
the associated petroleum. 


Distribution 


Locations in the World 


Sulphur is often found as the free element near active and extinct 
volcanic regions (impure deposits) in Japan, Sicily, tceland, Mexico, 
North and South America, the Aleutians, Asia, the Italian Peninsula, 
New Zealand, Spain and Russia. 


The largest deposits of elemental sulphur are found approximately 600 
meters below ground in sedimentary deposits of anhydrite, gypsum, and 
calcite on top of salt domes along the coast of the Gulf of 
Mexico in Louisiana, Texas and Mexico. The deposits in Sicily are 
similar, Other noteworthy deposits occur in california. Colorgdo, 
Wyoming, Nevada, Utah. Mexico and South America. 


Sulphur is also found in mineral springs. Fumarole deposits on a small 
scale may be seen incrusting hot springs in the Roaring Mountain or 
combined with the sinter deposits of the Mammoth Hot Springs in 
Yellowstone Park in the USA. These deposits are formed by the interac- 
tion of sulphur dioxide and hydrogen sulphide. 


Solfatara, a volcanic vent emitting vapours of sulphurous character, is 
an another source of sulphur. The typical example is the famous sol- 
fatera, near Pozzuoli, in the Phlegraena fields west of Naples, which 


has not been in active eruption since A.D. 1198, but which is continu- 
ously exhaling heated vapours, chiefly hydrogen sulphide, sulphur dioxide 
and steam. The term solfatara has been extended to all dormant volcanoes 
of this type, and a volcano which has ceased to emit lava or ashes 
but still evolves heated vapours is said to have passed into the 
 Solfataric stage *’. 


At heights of 11,000-20.000 ft. in the Andes Mountains of Chile and | 
Peru, South America, hydreds of brimstone deposits dot the area from 
Venezuela to Patagonia. The meagre information points to a probable 
reserve of hundreds of millions of tons of ore. A rich source has been 
uncovered in Argentina. Bolivia and Venezuela have also reported large 
beds of sulphur. The occurrence of brimstone has also been reported 
in Ecuador. 


Searchers have found a number of brimstone deposits in Oceania, most 
of them of volcanic or hot-spring origine. The major ores occure in 
Java, North Celebes, White Island near New Zealand, New Hebrides, 
New Guinea, and the Phillipines. New Zealand possesses some deposits 
of volcanic origin. 


A few sulphur deposits sre found in Africa. They are found in Abyssinia, 
Egypt, Algeria and Soutn—-West Africa, Japan, Russia, China and India 
contain the sulphur deposits of Asia. Of these, The largest exist in 
Japan. The most importanr occure in northern and Central Honshu and 
North-eastern and South-western Hokkaido. In fran 113 salt domes 
have been recognised. Not much is known about the elemental sulphur 
deposits of the Soviet Union. 


For a long time over 50% of the World’s sulphur requirements were 
met by pyrites. The world reserves of pyrites are widely distributed, 
deposits being worked in at least 30 countries. The main production in the 
United States occurs in the Ducktown region of Tennessee, although operations 
are also conducted in New York. Virginia, California, Wisconsin, Montana, 
IWinois Indiana and Pernnsylvania. The world’s largest known reserve of 
pyrites is located in the southern part of Spain and Portugal. Canada, 
Greece, France, Germany. Russia, Italy, Japan, Finland) Sweden, and 
Norway also possess important deposits. 
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Natural sulphates occur almost every—where and this source of sulphur 
is practically inexhaustible. Native sulphur deposits are mined commer- 
cially in the United States, Italy, Japan and Chile. 


Locations In Indla_ 


Though India does not have any commercial deposits of elemental 
sulphur, py//tes — an alternative source of sulphur-is available in plenty 
in different parts of the country. Occurrence of sulphur and pyrites in 
the different states of the country are enumerated below. 


ASSAM — Sulphur occurs in the form of pyrites as disseminations and 
nodules in some of coal varieties in the Khasi and Jaintia Hills districts. 
Pyrite also occurs as sparse disseminations on the northern flank of 
Garo Hills, Pyritous shales occur in lerge quantities with the coal— 
seams in lakhimpur district. 


BIHAR — Large and most important deposits of pyrites known in the 
country occur in the Shahabad district. Occurrences have also been 
recorded at Amjhor and Kasisiya Koh, and along the Ghogha Nala. Barua 
Nala; Kaula Nala, and Jugia Nala. Pyrite, as disseminations, occurs at 
several localities in Hazaribaugh, Monghyr and Ranchi districts. The sulphide 


ores of S/nghbhum copper belt are a potential! source of sulphur which 
can be extracted as a by-product in case it is found possible to work 
the deposits on large scala. 


HIMACHAL PRADESH — Sulphur, as surface encrustations, occurs at Chamba 
and Kangra district. Pyrites is also found to occur at Rampur, Purbany, 
chargaon and to the North of Sungri Rest-House on the Hindustan 
Tibet Road. 
& 

JAMMU & KASHMIR - Deposits of amorphous crystalline sulphur, associat- 
ed with gypsiferous quartz-schist. occur on the slope of Puga Valley 
in Ladakh district. This deposit is the only one of its kind in jhe country, 
but due to its difficult location, it has not assumed importance. 
Pyrites also occurs as disseminated grains in Udhampur district. 


KARNATAKA — Occurrence of native sulphur has been recorded in Bellary 
district. Pyritic-ore has also been detected in Chitaldrug district. Pyrites 
also occurs at Guddadarangappanahalli as well as Gu/barga, Kanara and 
Tamkur districts 


RAJASTHAN — An occurrence of sulphur has been reported in Pa/i district. 
Large deposits of pyrite/pyrrhotite are also found in the districts of 
Sikat, Ajmer, Banswara, and Jhunjhunu, 


TAMIL NADU — An efflorescent deposit of sulphur is reported to be 
occurring at a swamp in the ‘ Wodiapollianm Jungle’ in the South Arcot 
district. Pyrite, in combination with pyrrhotite, occurs in the North Arcot 
district. lroe pyrite, frequently associated with gold, is found in the 
region of Milgiri district. Tiruchchirapalli district also possesses some 
pyrites—ore mines. 


OTHER STATES — \n addition to the above, occurrences of native sulphur 
have also been reported Fast Godavari and Krishna districts of Andhra 
Pradesh, Alleppey district of Kerala. and from Barren Island in the South 
Andamans, Pyrites is also said to have occur in Bilaspur, Chhatarpur 
Chhindwara, Drug. Betul and Surguja districts of Madhya Pradesh; 
Subansiri district of Arunachal Pradesh; Mayurbhanj and Sundargarh dis- 
tricts of Orissa; A/mora, Dehra Dun. Gathwal and Mirzapur districts of 
Uttar Pradesh; and Ja/paiguri district of West Bangal. 


By—Product Sulphur 


Sulphur has also been recovered as s by-product of mining, metallurgi- 
cal and chemical operations for many years. An appreciable quantity is 
derived from smalters treeting sulphide ores for the recovery of motals. 
it is also assumed that stack gases will increase as an important source 
of sulphur. Growing need for fertilizer will accelerate the recovery of 
sulphur from smelters and power plants. 


Recovery of sulphur in elemental form from hydrogen sulphide in natural 
gas and in refinery gases is a development of recent years, Similarly 
the recovery of sulphur from hydrogen sulphide in coke oven gases will 
probably be augmented. 


The amount of sulphur in coal, as coal brasses, is very great because 
of enourmous reserves of coal in the world, It occurs usually as 
marcasite in the form of lenses, nodules and sheets in both horizontal 
planes and vertical fissures in coal seams. In addition, sulphur occurs 
in microscopic form, probably combined with organic matter. Coal brasses 
have been recovered and used as a source of sulphur in comparatively 


small amounts Sulphur may also be recovered from coke over gases, 
gases from power plants burning coal, and underground gasification of 
coal. 


Over the years to come inventions, research, and new methods could 
bring about profound changes and developments in the sulphur industry 
that cannot be visualized at present. The frasch process for producing 
pure sulphur in one simple operation is an outstanding example of such 
an occurrence early in this century. Regardless of unforeseen develop- 
ments, the known and potential resources of sulphur in the world will 
undoubtedly provide an abundance for all requirements, in any needed 
form, at very reasonable prices, and for an_ indefinitely great number 
of years. | 


PROPERTIES 


Physical Properties 


One Element Sulphur, Chemical Symbol! S, exhibits non-metallic pro- 
perties, has an atomic number of 16 and chemical atomic weight 
32,066, and belongs to the Oxygen Family. \t occupies the position im- 
mediately below Oxygen and above Se/enium, in the Group VI and Period 
3 of the Periodic Table. 


Pure solid sulphur has a pa/e yellow colour but its naturally occuring 
forms may be Sulphur yellow, Straw yellow, Honey yellow, Yellowish 
brown, Greenish or Reddish to Yellowishgray. Just above the melting point 
sulphur is a transparent yellow liquid, which with increasing temperature 
turns dark red and becomes black at 230°C. At the boiling point 
(444.6°C) vapours are generated which turn deep red at 500°C aed a 
straw yellow at 850°C. 


Sulphur is tasteless and odourless. It has no action on skin. It is 
insoluble water, highly soluble in carbon disulphide, moderately so_ in 
aromatic solvents and indifferently so in aliphatics. 


The study of physical properties of sulphur becomes complicated by its 
many allotropic modifications. These allotropes differ in colour, solubility, 
specific gravity, crystalline form, and such other properties. The 
Allotropy of sulphur has been discussed elsewhere in this Journal, which 


Reaction with Air 


Sulphur combines directly, and usually energeatically, with most ele- 
ments; exceptions being gold, platinum, iridium, and the inert gases. At 
room temperature, with oxygen or dry air, sulphur oxidizes very slowly 
to sulphur dioxide, When burned in the air, it forms sulphur dioxide 
and a little sulphur trioxide. Sulphur, in the presence of moist air, forms 
sulphurous as well as sulphuric acids. 


Reaction with Mineral Acids 


Sulphur reacts with hydrochloric acid in the presence of iron to form 
hydrogen sulphide. With concentrated sulphuric acid at 200°C, sulphur 
dioxide is formed. Dilute nitric acid upto 40°, strenght has little 
effect. However, concentrated nitric acid, in the presence of bromine, 
oxidizes sulphur. This is a very strong exothermic reaction. : 


Reaction with Hydrogen & Carbon 


Sulphur combines directly with hydrogen at 150-—200°C to form hydrogen 
sulyhide. Molten sulphur reacts with hydrogen sulphide to form hydrogen 
polysulphides. At red heat, sulphur and carbon unite to result into 
carbon disulphide. This is a commercially important reaction. . 


Reaction with Alkali & Alkaline Earth Metals & Sa‘ts 


At normal! temperatures, sulphur unites vigorously with sodium, potassium, 
calcium, strontium and barium to form sulphides, In aqueous solutions 
of alkali carbonates and alkali and alkaline earth hydroxides, sul- 
phur reacts to form sulphides, polysulphides, thiosulphates, and 
sulphites. With potassium chlorate, sulphur forms an explosive mixture. 


Reaction with Transition Metals 


At normal temperatures, sulphur unites readily with copper, silver and. 
mercury, Iron, chromium, tungsten, nickel. and cobalt react much less 
readily. In a finely divided state, zinc, tin, iron, and aluminum react 
with sulphur on heating. Sulphur forms an explosive mixture with zinc 
powder. | 


Reaction with Halogens 


Various sulphides of the halogens are formed by the direct combination 
of sulphur with flourine, bromine and chlorine. No evident reaction 
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occurs with iodine: instead the elements remain as components of a 
complex mixture. 


Reactlan with Organic Compounds 


Sulphur enters into reaction with numerous organic compounds, When 
dissolved in amines, chemical interaction between sulphur and the sol- 
vent is evidenced by the formation of coloured species ranging from 
deep yellow to orange and gresn. Many organic reactions involving 
sulphur are commercially significant. Sulphur is important in phases of 
the processes for ths manufacture of lubricants, plastics, pharmaceuticals, 
dyes, and rubber goods. 


Reaction with Materials of Construction 


Sulphur is not considered to be corrosive to the usual materials of 
- construction, Dry matter sulphur can be handled satisfactorily in mild 
steel or cast-iron equipment, Acid generating impurities, however, which 
may be introduced in handling and storage, create corrosive conditions; 
the exposure of sulphur to moist air causes the formation of acids that 
attack many metals. 


Biological Properties 


Sulphur ranks amogst the various elements that vegetable kingdom 
requires for their natural growth. Sulphur clearly plays an essential role 
in the plant metabolism. Without sulphur, the plant can not produce 
protein. Sulphur deficiency is overcome by providing sufficient amount 
of sulyhur in the form of fertilizers. The other main sources through 
which sulphur is available to the plant are the soil and the atmospheric 
precipitation. A 
A number of enzymes and vitamins Contain sulphur. The amino acids 
methionine and cystine also contain sulphur. The sulphur content of 
onion, garlic, and cruciferous plants is resgonsible for the peculiar 
flavour imported by these species. 


Biological properties of sulphur have been discussed in detail in a 
separate chapter in this story of sulphur. N. P. Ancient scientists have 
demonstrated the presence of sulphur in the roots of the dock, the 
cochlearia, and the horse radish. The presence of sulphur has also 
been established in the bile, blood, urine, albumen, hair and wool. 
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ALLOTROPY 


Surenur appears in a number of different allotropic modifications, 
that is, in various molecular aggregations which differ in solubility, 
specific gravity. crystalline form, etc. Like many other substances, sul- 
phur also exhibits dynamic allotropy, that is, various allotropes exist 
together in equilibrium in definite proportions, depending on the tem- 
perature and pressure. The formulas for the molecules of various 
allotropes range from S, to S,, where " is a very large but unidenti- 
fied number (" > 10% ), The particular allotropes that may be present 
in a given sample of sulphur depend to a largar extent upon its previous 
thermal history, the amount and type of foreign substances present, 
and the length of time that has been allowed for equillibrium to be 
attained. 


In the solid and liquid states, the principal allotropes have been 
designated traditionally as S), Sy, and Sa, Of these, only Sd 
is stable in the solid state, Upon solidification of .moiten sulphur ST 
rapidly changes into Si, which in turn is converted into S). although 
st a much slower rate. The molecular structure of ST has been deter- 
mined to be that of octatomic sulphur chain, The symbol Si designates 
longer, po'ymerized chains of elemental sulphur. S) is perhaps the most 
characteristic molecular form of sulphur, namely that of a crown-shaped 
octatomic sulphur ring designated in more recent literature as SF. 


The allotropes differ in their solubility in carbon disulphide. ST and S) 
are soluble in carbon disulphide, while S, does not dissolve readily in 
this solvent. : 


Sulpeur crystallizes in two distinct systems. the rhombic and the 
monoclinic. Rhombic sulphur, Sa, is stable at atmospheric pressures 
upto 95.5°C, where transition to monoclinic sulphur, SB. takes place. 
Monoclinic sulphur is then stable upto its natural melting point of 
114.5°C. The basic molecular unit of both of these crystalline forms 
of sulphur is the octatomic sulphur ring, S8. 


The molecular constitution of /iguid sulphur undergoes significant and 
reversible changes with temperature variations. These changes are 
evidenced by the characteristic temperatura dependence of the physical 
properties of sulphur, 
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The molecular composition of su/phur vapour is a complex function of 
temperature and pressure: several molecular species are involved. 


The many forms in which sulphur occurs, and its long history in both 
primitive and modern industry have led to a sometimes confusing 
nomenclature. The principal names in use are : 


Rhambic 


Monoclinic 
B 


Pressure —2 


Yapour 


Tempercture ——o 


Figure 15: Phase diagram of elemental sulphur, showing the regions of tem- 
perature and pressure where rhombic and monoclinic sulphur are 
stable : dotted lines indicate metastable conditions. 


O,A: represents stable rhombic sulphur in equillibrium with vapour; 


0,0, : Stable monoclinic sulphur in equillibrium with vapour; 


aQz_ =: metastable monoclinic sulphur in equillibrium with vapour; 
O;: transition temperature for change of rhombic into monoclinic sulphur; 
05: melting point of monoclinic sulphur in equilibrium with sulphur vapour: 
0,03: effect of pressure on the transition of rhombic to monoclinic; 
0.0; : effect on the melting point of monoclinic. 
BRIMSTONE 


Sulphur was known to the ancients by d/imstone. Mention of sulphur 
has been madv in the Bible under the name : brimstone. Brimstone, meaning 
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“burning stone” still remains a trade name for one type of sulphur. It 
is now defined as a native sulphur. 


Rhombic Sulphur ( Alpha Sulphur; «- Sulphur ) 


Rhombic sulphur, also known as alpha—-sulphur ot sulphur-q is the com- 
monly occuring form of sulphur. It is the stable modification of the 
element below 95.5°C (the transition points), and most of the other 
forms revert to this modification if allowed to stand below this tempe- 
rature, Similarly, rhombic sulphur, depending upon the rate of heating, 
will get converted into of come into equilibrium with other varieties/ 
forms of sulphur. If rhombic sulphur is feated very slowly. it will con- 
vert into the monoclinic form. \f the heating rate is increased somewhat; 
rhombic sulphur would ideally come into equilibrium with /iguid sulphur 
only in the /ambda form ( )-sulphur ). If the eating is rapid, the 
rhombic sulphur crystallizes form a melt in which /ambda sulphur ( )d- 
sulphur ) and mu-Su/phur (\.-sulphur) are in equilibrium. 


Rhombic sulphur lemon-yellow in colour. It is /nso/uble in water; 
slightly soluble in ethy! alcohol, diethyl! ether, and benzene; and very 
soluble in carbon disulphide. Its density is 2,06 g/cm?, and its hardness 
is 2.5 on the Mohs scale. Its molecular formula is S,. Its molecular 
configuration is a ring of eight covalently bonded sulphur atoms in the 


0 0 : 
shape of a puckered crown, with bonded distances of 2.12A (A = Angstrom 
unit =10 8 cm) and bond angles of 105° (Figure 2). 


Figure 14: The Structure of the Sg Molecule. 


Monoclinic Sulphur (Beta Sulphur; Q-Su/phur) 
Monocline sulphur, also known as prismatic sulphur, ot beta-sulphur 
(8-Sulphur, $3), is the stable modification of the element above the 


transition temperature and below the melting point. This variety of 
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sulphur is obtained, in the form of needle-like, colourless prisms, when 
sulphur crystallizes from the molten state at a temperature near its 
melting point. 


Monoclinic suphur has a density of 1.96 g/cm*, and a melting point of 
119,3°C. it is stable between the temperature range: 95.6 to 114.5°C. 
it changes to rhombic sulphur at room temperature. This form is also 
soluble in carbon disulphide and insoluble in water. its molecular 
configuration is also an 8-atom puckered crown structure. 


Nacreous Sulphur 


Nacreous sulphur is a modification of monoclinic sulphur. \t resembles 
monoclinic variety in all respects except having different sxial ratios. 


Lambda Su!/phure ( ).—Sulphur ) 


Lambda sulphure ( ),~sulphur ) is the stable solid allotrope of sulphur. 
It is usually encountered in commercial sulphur. Rhombic and monocl- 
inic sulphurs are both generally considered to be of this variety. 


Mu Sulphure ( ny ~Sulphur) 


Mu Sulphur is an ordinary amorphous sulphur, It is metastable and 
insoluble in carbon disulphide, This variety is made by cooling very 
hot molten sulphur to normal temperature and then removing the soluble 
part by extraction with carbon disulphide; the residue is Sp. It changes 
spontaneously into rhombic or monoclinic sulphur, depending upon the 
temperature. 


Pi Sulphur, ( x -Sulphur ) 


Pi Sulphur, Sx, is yet another form of sulphur in solid and molten 
sulphur. When sulphur is heated to 180°C and then cooled, it becomes 
more soluble in carbon disulphide, S7exists as a definite and distinct 
modification in both the liquid and solid states and is notable because 
of ite orange-yellow colour. Solid 7 — sulphur changes rapidly 
into amorphous sulphur Si, which in turn changes into S). 
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Plastic Sulphur ( Gamma Sulphur; y -Sulphur ) 


Plastic sulphur, also known as Gamma Sulphur ( y ~—Suplhur), is formed 
when hot sulphur is poured in a thin stream in to cold water. A brown-yellow 
plastic rubber—like mass thus obtained is known as plastic sulphur. It 
is an under—cooled liquid that gradually solidifies into a mixture of 
soluble and insoluble sulphur. 


This form of sulphur is amorphous and is only partially soluble in carbon 
disulphide. [t is thought to be composed of fwo types of sulphur : ) 
—sulphur (S), soluble in CS,), and « -sulphur (Su, insoluble in CSp). 
These ) and » forms probably exist in liquid sulphur also, because 
plastic sulphur appears tobe only the supar-cooled liquid. After long stand- 
ing at room temperature, this form (y) of sulphur reverts to the rhombic 
form. 


Plastic sulphur exists as long Zigzag Chains of sulphur atoms, and if it 
is strongly stretched, it behaves like rubber because the zigzag chains 
are Oriented in straight lines, andthe material becomes fibrous and rigid. 


Purple Sulphur 


Purple Sulphur is formed by the sudden cooling of sulphur vapour at an 
elevated temperature (where the sulphur exists a S.) to -195°C. 


This purple modification is believed to be composed of S, units. It is 
unstable and readily reverts to yellow sulphur upon warming slightly to 
room temperature. 


72) 
Flowers of Sulphur (Sublimed Sulphur) 


When sulphur is distilled slowly and the temperature of the receiver is 
below the melting point of sulphur, the vapours condense into solid, 
finely divided particles. This type is known as flowers of sulphur or 
sublimed sulphur, 

Roll Sulphur 


When sulphur is distilled rapidity and the temperature of the receiver is 
above the melting point of sulphur, the vapours condense as a liquid. 
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This sulphur is often collected in cylindrical containers, from which the 
name roll sulphur was derived. 


Milk of Sulphur (Precipitated Sulphur) 


Milk sulphur, also known as precipitated sulphur, is a finely divided 
emorphous sulphur suspended in water or calcium chloride solution. 
Commercial sulphur is prepared by acidifying a solution of calcium 
polysulphide. This variety is soluble in carbon aisulphide. 


Colloidal Sutphur (Oelta Sulphur - § Sulphur) 


Colloidal Sulphur, a\so called delta-sulphur (S-sulphur), is a colloidal 
dispersion of sulphur in water produced by the action of gaseous 
hydrogen sulphide on cold, concentrated aqueous solutions of sulphur 
dioxide, or by decomposing sodium thio-sulphate with dilute sulphuric 
acid. It dissolves quite slowly in carbon disulphide. 


Liquid Sulphur 


Liquid sulphur exhibits the remarkable property of increasing in viscosity 
as its temperature is raised. Its colour becomes dark reddish-black as its 
viscosity increases and both colour darkening and viscosity reach a max- 
imum at 200°C. Above this temperature, the colour lightens and viscosity 
diminishes. It is thought that at the melting point, liquid sulphur is 
largely Si (S, rings, yellow). and thet as the temperature increases, the 
percentage of Su (polymeric sulphur chains, reddish black) also increases. 
At 200°C, there is thought to be a maximum of highly polymeric sulphnr 
chains which can interwine to give maximum light absorption and visco- 
sity. Above this temperature, the chains break, are reduced in length, 
and the viscosity decreases with increasing temperature. 


There is also believed to be another form of sulphur in solid as well as 
molten sulphur called p/-su/phur (S17), but it has not been so exten— 
sively studied as the forms already metioned and little is known about 
it. 


A form of sulphur called sho-su/phur (Sp), believed to be S, has been 
reported as being obtained by the extraction of acidified aqueous sodium 
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thiosuiphate solution with toluene. Little is known of this form of 
sulphur, however. 


Gaseous Su/phur 


Gaseous sulphur, at the normal boiling point of the element (444,60°C), 
is orange-yellow in colour. As the tempersture is raised, the colour 
Ccranges to deep red and then gradually becomes lighter and lighter, 
until it steadies at straw-yeilow at 650°C. 


Several molecular species are in equilibrium in gaseous sulphur : S,.8,.S, 
and S,. the proportion varying with the temperature. At the normal 
boiling point, the vapour is largly S,; at 750°C, it is largely S,; and 
above 2000°C. it is largely dissociated into sulphur atoms 


TOXICOLOGY & HAZARDS 


Nn. GENERAL statement can be made about the toxicology of elemental 
sulphur and its various Compounds. The element itself is virtually 
non-toxic since comparatively large doses of sulphur may be_ taken 
internally as a medicine—without procucing any mal effects or injury, 
However, finely divided sulphur in tha form of powder or dust may be 
irritating, particularly to susceptible individuals. 


Elemental sulphur, because of its hydrophobic character, is only slightly 
soluslie in animal as well as human organs. Colloidal sulphur is more 
active than crystalline sulphur on the skin. ‘it may cause irritation 
especially to the eye-lid. 


Sulphur compounds, on the other hand, range from harm'ess to exceedingly 
hazerdous. Sulphur trioxide and sulphuric acid are strongly irritant, and 
concentrated sulphuric acid is not only acidic but also a _ strong 
dehydrating agent. The care required in handling sulphuric acid is 
almost well known to all laboratory workers. it is extremely hazardous 
by indigestion also since it destroys tissues by dehydration. 
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Hydrogen sulphide is an extremely poisonous noxious gas, only a little 
less toxic then much more feared hydrogen cyanide. The odour of 
hydrogen sulphide is so much peculiar that it provides sufficient 
warning of its presence even in very low concentrations. The ability 
to detect the odour of hydrogen sulphide sometimes disappears with 
olfactory fatigue. and in higher concentrations the gas overpowers the 
- ability of the nose to detect it. If large quantity or concentration is 
inhaled or ingested, respiratory paralysis and death may follow quickly 
unless the victim is promptly shifted to fresh air. Because of its 
characteristic odour, as little as 0.025 ppm is detectable, it is offensive 
at 3-5 ppm, strong at 20-30 ppm and less intense at 200 ppm. The 
maximum allowable concentration for prolonged exposure is 20 ppm. 
Since hydrogen sulphide is used widel?Y in chemical Isboratories, a! 
those working with it should be made aware of its poisonous nature. 


Carbon disulphide is hazardous not onty as a narcotic gas but also as a 
highly inflammable vapour and liquid. The symptoms of chronic poisoning 
vary from fatigue to serious mental derangement, nervous disorders 
blindness, and paralysis. In higher concentrations, carbon disulphide 
may cause delirium, coma, and death from respiratory failure. The 
maximum safe permissible working concentration of carbon disulphide is 
20 ppm. Carbon disulphide forms an explosive mixture with sir. 


Sulphur dioxide is an irritant gas. It affects the upper respiratory tract 
and the respiratory reflexes. it is so irritating that it is difficult to 
remain in a room for more than 1 minute where the concentration is 
200 ppm. The acceptable permissible limit for prolonged exposure 
is 10 ppm. 


Many sulphur halides are evil-smelling and toxic, whereas the oxyha— 
lidesa have remarkable pungent and irritating odour. 


Many sulphur compounds, of course, are quite innocuous : for example, 
the alkall and alkaline earth sulphates, some of which such as magne- 
sium sulphate (Epgom salt) have been used medicinally. 


Solid, elemental sulphur is nontoxic, however, dust-type respirators 
and dust tight goggles are recommended for persons who handle solid 
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sulphur. Because of the low ignition temperature of sulphur and its 
tendency to develop static charges, sulohur dust presents a fire and 
explosion hazard. 


Liquid sulphur is a hot liquid capable of producing severe burns when 
it contacts skin. Liquid sulphur has a relatively low ignition point. 
Hydrogen sulphide gas is always present in the liquid sulphur storage 
tanks. Sulphur storage tanks should, therefore, have adequate roof vents 
to provide natural draft ventilation of hydrogen sulphide gas which may 
be released from liquid sulohur. All sources of ignition should be 
excluded from the immediate vicinity of liquid sulphur storage tanks. 
Personnel engaged in liquid sulphur operations should have the body 
completely protected by clothing, and in addition, should were 
safety hats. safty glasses with side shields, and hest-resistant gloves. 
An additional full-face shield should be worn when disconnecting 
piping used for transporting liquid sulphur. 


First-aid treatment for skin—burne due to liquid sulphur should include 
the immediate cooling of the affected area with cool running water, by 
immersion in water, or by application of cold compresses. The sulphur 
crust should not be removed as it serves the purpose of sterile dressing. 
Further treatment should be administered by a doctor. 


Excapt for the elemental sulphur and its compounds mentioned in the 
above discussion, esch of the large number of sulphur compounds must 
be considered on an _ individual basis with regard to its toxicity o: 
lack of it. 
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SULPHUR 
(PART THREE) 


MANUFACTURE 


» 
Ancient PRODUCERS; DESCRIBED their methcd of obtaining sulphur 
from its ores as purification by fire. Similar methods are still used in 
sicily where native sulphur ore, mined by conventional methods, is piled 
in open cylindrical kilns /ca/caroni), covered with spent ore and ignited 
at the top, The heat of combustion of the sulphur in the ore causes 
the underlying layers of suplhur to melt; this molten sulphur is pour- 
ed into molds and is then allowed to solidify. In Japan sulphur is 
usually distilled from the ore in retorts. Here, sulphur ores may be 
heated with steam or super heated water in autoclaves. The sulphur 
melts, drains from the gangue (worthless rock) and is recovered in the 
liquid state. Some sulphur is recovered by this method in the western 


partof the United State also. However, after 1903, almost all U. S. 
sulphur was produced by the Frasch Process from the deposits located 
near the Gulf of Mexico in Texas and Louisiana. 


Extraction of Sulphur 


The extraction of sulphur is usually carried out by the several methods 
depending upon its occurrence. The most important one being : the 
Frasch Process, developed in 1891 by HERMANN FRASCH. Of lesser im- 
portance are the Sicilian method. (as described above) and the variation 
of the clause method. Sulphur can also be obtained as a by-pro- 
duct of many industrial processes. 


Variations of the Claus method are sometimes used to obtain sulphur 
from gaseous hydrogen sulphide (HS), a by-product in the manufacture 
of many substances. It is based on the partial oxidation of the gas by 
oxygen in the air to give water and sulphur, according to the equation: 


Fe, Oy 


2H:S + Os Catalyst 


2H,O + 2S 


Sulphur is also obtained as a by-product of several industrial manufac- 
turing processes by using coke or H.,S to reduce sulphur dioxide in 
flue gases. 


SO, + C ———S > CO, + §S 


2H,S + SO, ———--> 2H,0 + 35S 


The trasch Process is used to extract sulphur from deposits such as 
those in Texas and Louisiana. It consists of boring a hole from the 
ground surface to the sulphur-bearing calcite deposit and lowering three 
pipes, concentrically arranged, to the ore bed. Superheated water (165°C) 
is forced down the largest (6-inch) pipe into the ore bed where it 
melts the sulphur (mp : 112.8°C). Compressed hot air is pumped 
down the smallest (1—inch) pipe, and a frothy mixture of molten 
sulphur, water and air is forced to the surface through the intermediate 
(3-inch) pipe. As it comes from the well, the sulphur has a_ purity of 
99.5-99.9,, and contains virtually no arsenic, selenium or tellurium. 
(A separate Chapter has been devoted to the FRASCH PROCESS OF 
SULPHUR EXTRACTION). 
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Other processes of sulphur extraction include the recovery of sulphur from 
sour natural gases, which contain high percentage of hydrogen sulphide. 
It is an increasingly important source of sulphur. In this process the 
hydrogen sulphide is stipped from the gas an ethanolamine solution and 
later liberated from the solvent. The hydrogen sulphide thus concentra- 
ted may be converted to sulphur by oxidation, usually by a two-step 
process which is summarized by the following reactions ; 


2 H.S + 3 0» ——- 2 $0, + 2 H,O 


2H,S + SO, —_> 3S + 2H,0 
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Figrue . 16 Diagrammatic representation of the cap of a ‘Salt dome’ in Taxas. 


Srasch Process 
for Sulphur Extraction 


Y: 


Seventy FIVE YEAR‘S AGO HERMAN FRASCH perfected a new process 
for mining sulphur and opened up the theretofore inaccessible sources 
of sulphur in the Salt Domes of the Gulf of Mexico coast. His inven- 
tion and the efforts of many other men ied to the subsequent develop- 
ment of the sulphur Industry, and in turn contributed to the tremendous 
growth of the chemical industry 


In 1867, an underground sulphur deposit was discovered near Lake 
Charles, Louisiana, while drilling for petroleum. Successively, Austrian, 
French and American companies attempted to reach the sulphur by 
modifications of conventional mining methods. Ail attempts ended in 
disastrous failures, and the rich deposit of sulphur was_ inaccessible 


Figure 18 : View of a sulphur vat. The vat Is filled with liquid sulphur and 
after solidification of the sulphur the walls of the vat are lifted and 
a further portion of liquid sulphur is poured on the top of the 
solidified layer. In this way enormous biccks of sulphur are formed. 
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Figure 19; Avat of virtually pure sulphur is broken up by an electric shovel 
for loading into a conveyer belt at Port Sulphur, Louisiana — Freeport 
Sulphur Company's Storage and Shipping point on the Mississippi 
River. 
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until HERMAN FRASCH became interested. He had come from Germany 
at the age of 16. He worked for a few years at the Philadelphia 
College of Pharmacy, and at the age of 22 set up a laboratory of his 
own and began his career as an industrial chemist. By the time he was 
36, his contributions to the technology of petroleum refining and his. 
ownership in the Empire Oil Company in Canada had made him a 
wealthy man. 


His interest in scientific problems, however, was in no way diminished. 
To mine the sulphur discovered in Louisiana he now proposed melting 
it under—ground with hot water, and on October 13, 1890, filed a patent 
application covering his idea. Many years intervened before the Union 
Sulphur Company which he founded in 1896 to exploit his process, 
achieved success. Even as late as 1901 his associates were ready to 
abandon the enterprise. The struggles of Frasch to make his process 
@ success, so well described by WILLIAMS HAYNES in his book ‘' /he 
Stone That Burns *', are now history. His inventiveness, ingenuity, and 
persevering determination which enabled him. after 16 years of difficul- 
ties and dis—appointments to convert an idea into a fabulously success- 
ful enterprise, must be admired. From his genius and his inventions the 
modern sulphur industry has sprung. 


Frasch died in 1914. But the pure su/phur, which he made available 
through his ingenuity to the people of the world, has continued to 
the enourmous production of oleum products and even to some of the 
success in the production of the host of dyestuffs, plastics, and synthe- 
tics and many other articles now a common place feature of modern 
Civilization. 


Sait Domes 


Along the gulf coast of Texas and Louisiana are numerous ‘’ Salt 
Domes ‘, from which comes 95°, of America’s domestic elemental sulphur. 
These salt domes consist of a solid vertical column of sock salt, gene- 
ralfy circular or elliptical in plan, extending underground from some 
unknown depth toward the surface, Overlying and extending upward 
from the top of the salt column lies a mass of rock usually consisting 
of anhydrite. gypsum, calcite, and /imestone in the order named, and 
above these lie the normal sedimentary beds of sands, gravels and 
clays. There may also be found su/phur — usually present as crystal 


an 


3 wn on 2 S| BLEEDWATER KIGKER WEL 
s ox ew w . A (Same sauipment ; 
*s w wg 2 s+ 6d s pusiping euitur « 
a N © = PS 
Or f& = =. Se =. “2. PUMPING SULFUR / 
cow oShes 2 2: / 
es sO 
< 
Xe) 7) x zx 2 
ro) 
} a x 
Exit Gas v= 


I, ee 


UNCONSOLIDATED ——— 


LISSIE 


Be, 


SAND - GRAVEL 
ent 


“ioe 


| 


oa 
LIMEY SHALE J 


HEAVY COLI" 

SALT WATER we C 

IN CAPROCK/PY: AXA: 
A Rxe 


ities CS Moiten 
; be Sulfur 


e ORR ha tna ee 


Figure 20 : Composite cross section of su/phur Dome and Elevation of Pre 
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88sing Plant at Mine of Duval Sulphur and Potash company, Orchard, Texas. 


seams and well depositsin porous portions of the limestone or some- 
times as disseminated particles in a limeston matrix in concentrations 
varying from mere traces to more than 50%. (Figure 16). 


Sulphur Wells 


Once a suitable salt-dome sulphur deposit and a dependable source of 
fresh water are available, the mining process is accomplished in three 
fundamental steps : 


1. Operation of a power plant which can heat large quantities of 
water and pump it to the site of the field operations. 


2, Distribution of hot water, by means of wells. to melt the 
underground sulphur and elevation of the melted sulphur to the 
surface. 


3. Cooling and solidifying the sulphur. 


Since the heart of the frasch Process lies in the operation of these 
wells, it is desirable to picture the events taking place underground 
which result in the fusion and collection of sulphur and its removal 
to the surface. 


A Frasch well is installed by sinking a protective casing as far as the 
upper part of the anhydrite or gypsum bed underlying the sulphur-bear- 
ing stratum. Three concentric pipes are put down into the casing. 
First an eight inch pipe is sunk through the cap rock to the bottom of 
the sulphur deposit. The lower end of the pipe is perforated with 
small holes, inside this pipe a four-inch pipe is lowered to within a 
short distance of the bottom. Last and inner most is a one-inch pipe 
that reaches more than half way to the bottom of the well. 


Water heated under pressure to a ‘temperature well above its boiling 
point is pumped down the space between the eight-inch pipe and the 
four—inch pipe. The super—heated water flows through the holes of the 
eight-inch pipe and into the sulphur—bearing deposit. (figure 7174) The 
suiphur melts and being heavier than water, forms a pool in the bottom 
of the well. The pumping of water down the four-inch pipe is then discon- 
tinued. (f/gure/7B). The static pressure of the hot water that has been 
forced into thea rock formation then forces the liquid sulphur several 
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hundred feet up the four-inch pipe, (‘/gure 77B). Compressed air forced 
down the one-inch pipe foams and lightens the sulphur so that it rises 
the rest of the way to the surface (Figure 77-C). 


At the surface, molten sulphur is either pumped to huge vats for soli- 
dification or put into steam — heated tanks for delivery later to heated 
ships, rail-road cars or trucks that carry it to market in molten form, 


A sulphur vat, as shown in F/gure 78 is a spectacular sight. A typical 
vat, which is actually a huge yellow block of solidified sulphur, may 
be 50 feet high, 1200 feet long and 180 feet wide, end hole some 
400,000 tons of sulphur, 


A vat is built up by spraying molten sulphur thinly over the surface 
Interlocking aluminum forms around the top edge of the vat contain 
the sulphur until it solidifies; they are then \ifted up for the next 
layer. The complete vat is, thus, built up slowly (Figure 78). 


After solidification of the sulphur, when the vatis fully built to its 
maximum capacity, sulphur is broken out of the vat with explosive or 
electric shovels. The broken lumps are loaded by grabs into the waiting 
vehicles (Figure 79), 


% 
HERMAN FRASCH, in recognition of his services to the Chemical 


Industry. was awarded the Perkin Medal in 1912. His words have been 
carefully recorded in his address of acceptance of the Perkin Medal : 


“To meet the extraordinary conditions existing in this deposit, | 
decided that the only way to mine this sulphure was to melt it in the 
ground and pump it to the surface in the form of a liquid......... 
At that time, the drilling of a well in an alluvial deposit containing 
quick—sand, etc., was a very tedious task, and it took from six to 
nine months to get through the alluvial material to the rock-work 
which we do today in three days....When everything was ready to 
make the first trial,....we raised the steam in the boilers, and sent 
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the super heated water into the ground without a hitch. If for one 
instant, the high temperature required should drop below the melting 
point of sulphur, it would mean failure...... i 


“After permitting the melting fluid to go into the ground for twenty- 
four hours, | decided that sufficient material must have been melted 
to produce some sulphur. The pumping engine was_ started on the 
sulphur line, and the increasing strain against the engine showed that 
work was being done. More and more slowly went the engine, more 
steam was supplied, until the man at the throttle sang out at the top 
of his voice, ‘She’s pumping’. A liquid appeared in the polished rod, 
and when | wiped it off with my finger ! found my finger covered 
with sulphur. Within five minutes the receptacles under pressure were 
opened, and a beautiful stream of golden fluid shot into the barrels 
we had kept ready to receive the product...... . 


“When everything had been finished, the sulphur all piled up in one 
heap, and the men hed departed, | mounted the sulphur pile and 
seated myself on the very top. It pleased me to hear the slight noise 
caused by the contraction of the warm sulphur, which was like a 
greeting from below 


Man’s adjustment to the physical world in many ways is determined by the 
relation between population and resources, When the methods and tools 
of developing the resources of a country are improved these modifications 
usually bring about changes in industry and in the habits and the institut- 
ion of the people, and tend to raise standards of living in that country. 
The methods and tools for producing and using sulphur are continuously 
changing, New uses for sulphur and its compounds sre being found. 
Knowledge regarding the function of sulphur in human, plant, and animal 
nutrition and health and disease is becoming clearer. No one knows 
what the coming years wili bring. But it is evident from the recent 
advancement of science and technology that the invention of the “hor 
water” process of mining sulphure had a greater effect on world 
industry and culture. 


Figure 21 : Stee/ pipe employed in the Frasch process /s rigged for lowering into 
a well, When it is in place, hot water flows through the upper per- 
forations and into the sulphur-bearing rock, and melted sulphur 
flows from the rock into the pipe by way of the lower perforations. 
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Offshore Sulphur Mining 


Sutpuur MINING IN OFFSHORE operations in the Gu/f of Mexico can 
be considered at the present time, only as research activities to extend 
known reserves. The cost off-shore construction makes sulohur mining 
uneccnomical on the present competitive su'phur market, it is entirely 
feasible; in fact, overwat2r production of sulphur has alraady been 
accomplished in protected areas. However, the extension of this expe- 
rience to gulf off-shore operations, at the present time would be costly, 
Pipelines from offshore oil locations on the gulf tloor to land-based 
tankage are in daily use, and the pumping of sulphur through such 
facilities can be acccmplished. 


19 


Frasch Process 


The mining of sulphur by the Frasch process in water which is shallow 
and reasonably protected from high wave ard tide action presents no 
particularly difficult problem. This has been done successfully and 
competitively by two sulphur operating companies. 


Jefferson Lake sulphur company at its Lake Piegneur operations in 
Louisiana, mined sulphur by using permanent wharves with drilling 
equipment mounted on submersible barges. When first approached, the 
problem of submersible barge-mounted rigs offered soma _ interesting 
prospects. The case with which refloating and moving of the rigs to 
new locations was accomplished, was not only surprising but contributed 
substantially to the economy of the whole operation. 


The Freeport sulphur Company, in its operations at Grande Ecaille, 
Louisiana, uses wharves and land-fill rig locations. They have not 
found the problem of overwater operation too difficult or too costly 
for competitive production. 


The offshore prospect, of Course, presents many new considerations 
which as yet have not been dealt with economically or competitively 
in sulppur production, 


Of course, as long as sulphur can be produced from land-based operat- 
ions and the selling price of the product is competitive, prospective 
operations for sulphur on the continental shelf would seem only a remote 
possibility. However, it does have the advantage of outlining additions 
to the present repidiy diminishing reserves. 


The element of hurricane damage, and possible shut-down periods due 
to storms, must not be overlooked in any economical calculations of Frasch 
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Process mining in gulf offshore tocations. The experiences of the present 
offshore miners indicate that these are not insurmountable, even if they 
are costly. 


(TO BE CONTINUED ) 
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APPLICATIONS 


Sucpuur IN ONE FORM OR ANOTHER finds application in the manu- 
facture of many products of daily use. Of all sulphur compounds, how- 
ever, sulphuric acid is the most important. It is man’s basic chemical 
and a chemical too/ is unsurpassed. 


Sulphur is used directly or indirectly in the manufacture of such a 
diversity of products that a nation’s sulphur consumption is considered 
to be a barometer of its economic activity. 


The largest single use of sulphur is for the production of sulphuric acid, 
which is then used in many other manufacturing processes. Sulphuric 
acid (s, in turn, used primarily for the manufacture of fertilizers, organic 
and inorganic chemicals,. pigments, steel, rayon, petroleum products, 
and explosives. 


The principal industries using elemental sulphur as such include wood 
pulp, carbon disulphide, insecticide and fungicide, rubber, sugar, starch, 
malt and dyestuffs. 


Sulphur is required for the preparation of sulphite cooking liquors in 
the production of sulphite pulp, and sometimes in the production of 
pulp by the sulphate process. 


Ground crude sulphur, and flowers of sulphur, are constituents of fun- 
gicides and insecticides, and soil conditioners. 


The rubber industry uses ground sulphur and specially prepared amor- 
phous sulphur for compounding and vulconizing. Certain organic sulphur 
compounis act as accelerators to reduce the curing time of sulphur. 


Sulphur dioxide, obtained from the combustion of sulphur, is used to 
decolourize beet sugar juice, and to bleach malt. The gas is absorbed 
in water to form sulphurous acid in the production of starch from corn 
and in the treatment of boiler and cooling waters. 


Sulphur is used in the manufacture of certain dyas by heating organic 
compounds with sulphur: in the manufacture of ultramarine blue by 
igniting soda ash, kaolin. charcoal and sulphur; and in the manufacture 
of chromic oxide pigment by igniting soda sodium or potassium dichro- 
mate with sulphur. . 


Sulphur is also used in the manufacture of polysulphide elastomers; in 
making sulphur cements; in the production of free—-machining steels; as 
a polymerization inhibitor in the manufacture of styrene monomer, ,and 
in the manufacture of matches. 


Special Uses 


Sulphur has been employed in various types of chemical uses for many 
years. Although the alement possesses unusual physical prapertias, these 
have not been used to sny great extent. Buildiog construction and High- 
wey matkisg ate a few of tha new and potential uses that utilize the 
unique physical properties of sulphur, sometimes requiring the addition 
of plasticizers or other modifiers. 


Sulphur in Building Construction 


The construction of concrete block walls is normally a slow process 
because of three factors : (1) The method of laying bricks is time— 
consuming. (2) When concrete blocks are used in building construction 
it is desirable to water-proof or decorate such structures after they 
have been completed. (3) A curing time is necessary before the wall 
achieves its maximum strength. In an improved method of wall cons- 
truction the mortar is eliminated from concrete block walis by stacking 
the blocks one upon another and subsequently painting both sides of 
the wall with a special formulation, which water-proofs and decorates 
the wall and gives it an appreciable tensile strength. 


The formulation used to paint the walls should consist of 97% sulphur, 
1% plasticizers, 1°%%j4-inch chopped strand glass fibers, and the 
remainder decorative material, such as an appropriate dye. These ingre- 
dients are heated in an open vessel to a temperature just above the 
melting point of sulphur and spread with a blunted brush on the sur- 
face of the concrete blocks in as thin a layer as is feasible to use. 
The resulting layer will be approximately 1/36 — 1/16 inch thick. The 
brushing operation should be carried out quickly, allowing no time for 
the cooling and setting of the sulphur formulation before it is properly 
spread. Within 5 minutes or less after spreading the formulation on 
the concrete block wall the material has developed ite maximum 
strength. and the resulting wall has a substantia; tensile strength. 
When such a wall is destroyed there is no sccompanying dusting or 
scattering of fragments, 


The new construction technique appeers to be well sulted for the con- 
struction of buildings designed to be waterproofed and to resist wind 
stre%s. it Is particularly applicable in the areas where damage from 
earthquakes, tornadoes, and similar disturbances Is expected. The method 
has the advantages of being inexpensive, rapid, and efficient. The 
sulphur thus applied can be subsequently painted, if desired, or left 
with its natural colour. Paints of conventional types adheres very well 
to the sulphur-—coated surface. 


Sulphur in High-Way Marking 


Conventional types of paints, including both lacquers and plastic mate- 
rials, leave a great deal to be desired in their use for marking traffic 


lanes and high-ways. Some of these paints do not adtiere well to 
asphalt. others do not wear well on concrete; many require substantial 
time for drying. Some plastic materials are very expensive as well 28 
requiring appreciable time between application and use. Sulphur paints 
have been formulated to overcome several of these difficulties. Sulphur 
may be appropriately modified with polysulphide-type polymers, which 
stabilize and enhance its polymeric characteristics. This formulation for 
highway marking purposes should also contain an appropriate dye to 
meet the colour standards required of the paint. 


The mixture of sulphur, dye and plasticizer is heated to a temperature 
of approximately 150°C, mixed with reflecting beads where desirable, 
and sprayed on the surface of the highway with a conventional type of 
paint sprayer modified to spray the peint at a temperature of spproxi- 
mately 125-430°C. Under these conditions the sulphur cools rapidly 
enough so that no subsequent protection is required to keep passing 
cars from crossing the stripe. 


The fact that the plastic characteristics of the eulphur are stablized 
confers upon the stripe exceptionally good wearing qualities. The paint 
adheres very well both to asphalt and concrete surfaces without prior 


preparation or cleaning or priming of the surfaces, The product hee 
been tested in wet, dry, hot and cold climates. on asphalt and on 
concrete and has shown exceptional wear properties, . 


Special adventeges of sulphur es s high-way marking paint are: its 
low cost, its exceptional wear characteristics, and ite quick drying. The 
product can eesily. be made in appropriate yellow, red and black formu- 


letions, but a truly white sulphur paint: hes yet to be: produced. 
@. 


Sulphuric Acid 


Chere is little glamour about sulphuric acid — it ie not part of bomber 
noses, parachutes or miracle drugs. But without sulphuric acid neither 
these nor most of the catalogue of chemicals could exist. it is, indeed, 


the workhorse of the industry, and there generally is more than enough 
for all needs. 


Sufphuric acid is important in the lives of all of us. Its consumption 
in @ country has been said to indicate the /ndustrial development of 
that land. Certainly no one who is familiar with industrial chemistry 


will gainsay the outstanding place of sulphuric acid among the materi- 
als of technology. 


The production of sulphuric acid has come to be accepted throughout 
the world es a reliable barometer of industrial activity. Its universal 
use made it indispensable, in the widest sense of the word, in the 
chemical and process industries. There is hardiy an article of commerce 
which has not at one time or another come into contact with sulphuric 
acid during its manufacture or in the manufacture of ite components. 


PROPERTIES 


Pure (100%) sulphuric acid is a colourless liquid which is sometimes 
called monohydrate of sulphur trioxide because its anhydride, sulphur 
dioxide (SO;) and water are combined in equimolal quantities 
(SO; + H,O ——> H,SO,). Its specific gravity is 1.830 at 25°C (= 77°F) 
freezing point 10.37°C (=50.7°F) and at one atmosphere it boils at 
about 340°C (=644°F) but undergoes decomposition into sulphur tri- 
oxide and water. 


The existence of the following crystalline phases has been established 
by the study of freezing temperatures and other properties: SO;. (SOsg)p>. 
H,O; ie, H,S,0,, H,SO,, HgSO,. H,O, H,SO, 2H,0, H,SQ,. 4H,O 
H,SO,.6.5 H,O and H.SO,. 8H,0., 


Sulphuric acid is dibasic: that is, ite molecules each contain to hydro- 
gen atoms and ionize in two steps: H,SO,=H* + HSOQ,~ and HSO,— 


= H+ +S0, . 


Dilute sulphuric acid reacts with the more electropositive metals such 
as zinc, magnesium, and iron with the evoluation of hydrogen. It also 
reacts with metal oxides and hydroxides forming sulphates. Because of 
its high boiling point the concentrated acid is used to manufacture 
volatile acids, some of them stronger than sulphuric acid, from their salts. 
It liberates hydrogen chloride, (hydrochloric acid in water solution) 
from sodium chloride, nitric acid from nitrates, and hydrofiuoric acid 
from calcium fluoride. It is also used to convert calcium phosphate to 
a more soluble acid phosphate for fertilizer and in solution displaces 
numerous weak acid, eg acetic and boric acids from their respective 
salts. 


it removes by oxidation the tars and organic sulphides present in 
petroleum and serves as a Catalyst in the sulphuric acid alkylation pro- 
cesses involved in the manufacture of high-octane aviation gasoline. 


The concentrated acid has great avidity for water and serves as an 
excellent drying agent and as a dehydrating agent, removing not only 
moisture from gases and liquids which do not react with the acid, but 
extracting water from compounds. In this it chars many organic com- 
pounds such as wood, paper, cloth, starch and sugars. For the same 
teason the acid becomes brown in colour if it comes in contact with 
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traces of oil, grease of atmospheric dust. It is essential in the manu- 
fecture of explosives, celluloid, lacquers, etc., for rhe nitration processes 
involved in these processes liberate water which is remaeved by the 
sulphuric acid. thereby permitting the reactions to go to completion, its 
value to organic. chemistry is due also to its reaction with many aroma- 
tic compounds to form sulphonic acid. 


Sulphates 


Since sulphuric acid is dibasic, it forms both sormal or seutral eaite 
( Na,SO, ). The latter shows acid properties in solution because of the 
tonization of the HSO,~ lon and are sometimes employed for purposes 
requiring moderate acidity. 


CHARACTERISTICS 


Function 


Sulphuric acid is not a one-function ot one-purpose product. It is used 
ee a drying agent, acidifying agent (pH Control), hydrolyzing sgent, 
neutralizing, concentrating sgent, dehydrating agent, oxidizing agent, 
polymerizing egent, purifying egent, absorbing sgent, leaching agent, 
catalyst and active reactant in petrochemical and Inorganic chemical 
processes. 


Strength 


Sulphuric acid is not a one-strength product. It Is used in a wide range 
of strengths from very dilute concentrations for pH control to the strong 
fuming acide used in the dye, explosives, detergent. pharmaceutical and 
peteochemical industries. Standard market strengths are: Specific gravity 
1.250 (33.33%); sp gr 1.400 (50,08%); sp gr 1.600 (59.80%); sp gr 
1.835 (93.19%); 60° Baume (77.67%); 66°Be’ (93.19%); 98.00%: 
20%  Oleum (104.6%); 40% Oleum (109,0%); and 65% Oleum 
(114.63%). 


These different grades have diverse markets. For instance, 53°-68° Be 
acid is mixed with ground phosphate rock converting it into soluble 
ealclum phosphates, available as plant food. The 60° Be’ grade is used 
to make the sulphates of ammonie, copper (bluestone), aluminium (alum). 
magnesium (epsom salts) Zinc, iron (copper as) and others; the mineral 


acids; Otgenic acid, such as citric, oxalic, scetic and tartaric. This grede 
fs: used in pickling ‘Iron and steel before galvanizing and tinning; pro- 
ducing and refining heavy metals: preparing of sugar. starch and “syrup; 
and in electroplating. The acids in the range of 93-98% are of value 
in purifying petroleum benzenes and oils, the preparation: of titanium 
dioxide aelkylation of isobutate: the menufacture of many nitrogen 
chemicels; the synthesis of pherol; and the productiod of fatty acids. 
The fuming grades are needed to make TNT, nitrocellulose and nitro- 
glycerine; in dye manufacture; and to fortify the weaker acids. 


Quality 


Sulphuric acid Is not a one-quality product. It is produced and supplied 
in exact purities for storage batteries, rayon, textile, dye, food and 
pharmacautical industries; in less pure grad3s for steel, heavy chemical, 
petrochemical, fertilizer, supsrphosphats, and ammonium — sulphate 
industries. ‘ 


Recoverability 


Sulphuric acid need not be one-time-use product. It can be recovered 
eesily from some phases in the refining of petroleum and in the manu- 
facture of explosives, petrochemicals, detergents and dyes. It is often 
recovered in the form unsuitable for re-use in the same process but of 
@ strength and quality suiteble for use in another process. Sulphuric acid 
can also be returned to the producer for fortification with sulphur tri- 
oxide or for regeneration to strong virgin acid. 


Process 


a Dn ’ : ea - yy: 
Sulphuric acid is not a one-process product, It is produced by the 
Chamber Process and the Contact Process. 


MANUFACTURE 
Early History 


The dete of the discovery of sulphuric ecid is lost in antiquity. Perhaps 
the earliest reference to sulphuric acid may be attributed to IBN HAYYAN 
who spoke in the eighth century of distilling niter with green vitriol: 
ABU-BEKR-AHHASES, se Persien alhcemist who died in 940. has been 
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credited with its discovery, About 1260 VINCENTIUS DE BEAUVAIS 
mentioned it end ALBERTUS MAGNUS (1193-1280) alluded it. PARA- 
CELSUS described the process of distillation of green vitriol and the 
obtaining of @ weak acid from the distillate. The weathering of iron 
pyrites usually was the source of the green vitriol. | | 


In 1570, GERHARD DOORNAEUS diecussed its properties. ANOREAS 
LIBAVIUS told about various methods of preparation in 1695. ANGELUS 
SALA, in 1613, duplicated the work of Libavius. In 1666, NICOLAS 
LE FEVRE and NICOLAS LEMERY introduced salt peter as an improvement. 
CORNELIUS DREBEL Improved the preparation of acid from sulphur and 
niter, About 1740, WARD began “/arge sca/e'’ manufacture of acid at 
Richmond. England, by burning sulphur in presence of saltpeter. A gless 
balloon flask was placed on a sand both. Eight parts of sulphur and one 
part saltpeter on a spoon were introduced and ignited. The vapours 
united with water vapour in the flask to form the acid and condensed on 
the side of the glass. 


Chamber Process 


OR. ROEBUCK of Birmingham introduced the lead chamber in 1746 and 
with GARBETT, built a factory at Prestonpans, Scotland, in 1749 in 
order to supply sulphuric acid for the bleaching of linen. A great im- 
provement in plant operation was made in 1827 when GAY-LUSSAC 
introduced a tower, bearing his name, for the recovery of nitrogen 
oxides. In 1859, JOHN®GLOVER installed the first tower, known after 
his name, for the denitration and concentration of the acid. The sulphuric 
acid chamber plant then had become complete in its essential features, 
and its used spread throughout the world. Various improvements and 
reffMements have been made since then, but the basic cycle of opera- 


tions, as understood and practiced by Glover and Gay-Lussac, has not 
been changed. | | 


In the chamber procese, sulphuric acid ie prepared by burning sulphur 
or sulphur—bearing ores in a furnace and taking the sulphur dioxide, 
so formed, to large lead chambers where it reacts with oxides of 
nitrogen. This produces an intermediate product, nitro-sulphuric acid, 
which reacts with water to produce sulphuric acid and to liberate the 
oxide of nitrogen for re-use. The acid so produced is of low strength 
and quality (Figure 23). 


1 


Figure 23 : The Lead Chamber Process 


A-Sulphur or pyrite burners. 
B-Inlet for nitrogen oxides. 
C-Glover tower. 

D-Lead chambers. 

E-Gay — Lussac tower. ° 
P—Pumps. 


Figure 24 : The Contact Process 


A-Sulphur burners. 

B—Dust removal tower. 

C&DO-Scrubbing towers to clean sulphur dioxide. 
E—Arsenic removal tower. 

F—Heater. 

G—Catalyst chamber. 

H—Sulphur trioxide absorber tower. 
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Contact Process 


The basic features of the present-day contact processes were described 
by PHILLIPS in a patent in 1831. He proposed the oxidation of sulphur 
dioxide over a catalyst and the ere of the sulphur trioxide 
formed in water. 


MAGNUS and DOBEREINER, two German Scientists. repeated his work. 
Magnus promoted the reaction of two volumes of sulphur dioxide and 
one of the oxygen to sulphuric acid with heated platinum sponge. He 
also formed sulphur trioxide by passing a mixture of sulphur i dioxide 
and oxygen through a tube containing broken gless at a dull red heat. 
At about the same time, Dobereiner made fuming sulphuric acid with 
platinum black as a catalyst. 


¢ 
No commercial success attended the attempts to use these discoveries 
until EMIL JACOB, in 1875, made fuming acid from chamber acid by 
passing the gas from the break-down of chamber acid, over a catalyst: 


The steam was condensed before the gas was led over the catalyst. 


CLEMENS WINKLER advanced the fallacious conclusion that the sulphur 
dioxide and the oxygen should be fed to the contact mass in stoichio- 
metric propertions and undiluted. Winkler’s faulty idea held sway until 
1901, when KNIETSCH disclosed the correct facts about catalytic oxi- 


dation of sulphur dioxide as a result of his work for Badische Anilin 


and Soda Fabric (BASF), He supplied solutions to the technical problems 
associated with the used of pyrites burner gas, examined the behavior 
of yarious catalysts under varying conditions showed the need for cool- 
ing of the contact mass, and generally paved the way for the successful 
operation of the modern contact process. BASF introduced the first ever 
successful contact plant into the United States in 1898. 


In the contact process, sulphur dioxide is generated by burning elemen- 
tal sulphur, roasting sulphur ore and/os decomposing spent sulphuric 
acid. The sulphur dioxide is oxidized over a catalyst to sulphur trioxide 
in the presence of oxygen but sbsence of moisture. The sulphur trioxide 
is then absorbed in strong sulphuric acid, combining there with water 
to produce more sulphuric: acid, The strongest and best quality § sul- 
phuric acid is produced by this process. (Figure 24) 
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HANDLING. 


General Precautions 


Sulphuric acid is classified as a corrosive liquid. Because it reacts with 
most metals and with water, care must be exercised in all handling 
operations. 


In concentrations below 60° Ba’ (77.677). sulphuric acid is highly 
reactive to metals and evolves hydrogen gas on contact. In concentra- 
tions above 77.677/, it is a strong oxidizing agent, reacting with many 
organic materials and inorganic reducing agents to evolve considerable 
heat. It is extremely avid for water and decomposes many oxygen— 
containing organic materials by dehydration. Addition of water to 
concentrated sulphuric acid will produce violent steam explosive (Spitting). 


Sulphuric acid solutions, particularly the more concentrated ones, are 
rapidly dastructive to all body tissues, causing severe burns. Repeated 
exposure to low concentrations may result in dermatitis. Contact with 
the eyes is especially hazardous, often causing severe damege and, 
In some cases, loss of sight. 


Inhalation of the concentrated vapour from hot acid or oleum may be 
very harmful, Inhalation of small concentrations of the vapour over a 
period of time may cause chronic Inflammation of the upper respiratory 
tract. Sensitivity to vapour is variable; 0.125 to 0,500 ppm may be 
mildly annoying; 1.5 to 2.5 ppm definitely unpleasant; and 10 to 20 
ppm unbearable. 


Although sulphuric acid is not flammable, it must be isolated frgm 
organic materials, nitrates, carbides. chidrates and metal powders, 
Contact of high concentrations of sulphuric acid with these materials 
can cause Ignition. Contact of high concentrations of sulphuric acid 
with metallic sulphides can cause both evolution of hydrogen sulphide 
and ignition. 


Sulphuric acid in drums, tank cars and metal storage tanks evolves hydro- 
gén. Because 4—75% hydrogen by volume with air forms an explosive 
mixture, open lights or flames and spark-producing tools should be 
forbidden in the vicinity: of such containers.. All electrical fixtures in 
such areas must be vapour-tight.: 
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Handling 


“Sulphuric is acid dangerous if improperly handled. When, however, proce- 
dural Preceutions are taken and adequate protective clothing is warn, 
there is relatively little danger in handling sulphuric acid, whatever the 
strength of the acid (Figure 25). 


Protective Clothing 


Employees who handle sulphuric acid should be piovided with the 
following necessities : Figure 25 


{a) <A brimmed felt or treated-fiber hat of a rubber hat; rubber gloves; 
rubber high-top safety toe shoes or boots (with tops covered by 
trousers); woolen outer clothing fitted snugly at neck and writs: 

e rubber apron; a rubber acid suit for certain types of tank car 
loading or unloading, 


(b) Water in ample quantity ready for immediately use. 
(c) Suitable ges-tight chemical safety goggles. 


(d) Rescue harness and lifeline for those entering a tank or enclosed 
storage space: an outside attendant maintaining constant observa- 
tion. 


(e) Proper face masks. 


First Aid 


Sulphuric acid causes severe burns. A doctor should be summoned im- 
mediately if the acid is swallowed or spilled, sprayed or otherwise 
-alf®wed to come into direct contact with a workman's skin or eyes. 
In the mean time: 


IN CASE OF CONTACT 


Flush the skin or eyes with large quantities of water as quickly as 
possible and remove all contaminated clothing. Any clothing touched by 
acid must be removed whether penetration to the skin appears likely or 
not. The precaution of removal of all contaminated clothing should also 
be taken in minor accidents where no acid whatsoever has reached or 
appears likely to reach any part of a workman’s body. 
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Figure 25 : Acid Handling — Personnel dressed in safety suit for handling sulphuric acid. 


Figure 30: Alkylation — Sulphuric acid reacts with petrofeum hydrocarbons in this cascade 
alkylation reactor. ( Courtesy : United Refining Company ) 
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ANTIDOTE IF SWALLOWED 


Drink one or more tea-spoonfuls of magnesia or chalk, or small pieces 
of soap softened in water with milk, mucilage or raw egg-—white. 


Handling Spilled Acid 


Ventilate room thoroughly. Neutralize spilled acid with soda ash (sodium 
carbonate) or washing soda. Wash material down the drain with plenty 
of water, A minimum of 200 pounds of soda ash i8 necessary to 
neutralize 13 gallons of 66° Be’ C ( 95-97% ) sulphuric acid. 


Transportation 


Millions of tons of sulphuric acid a year are transported to various 
parts of the world primarily by tank car, tank truck of barge. 


Large sulphuric acid consumers near a producers plant can sometimes | 
use pipe—lines more economically than any other means of conveyance. 
On the other hand, consumers of very smal! amount of sulphuric acid 
may receive the acid by common carrier but in carboys or drums rather 
than tank cars or tank trucks. Each container, including tank cars, 
must carry the identifying labes/stencils as well as the warning labels/ 
placards. 


APPLICATIONS 


Sulphuric acid is widely used in industry because of its important 
chemical and physical properties. Relatively low cost of sulphuric acid, 
inecomparison to other acids having similar properties, makes it the. 
most economical choice for a wide variety of Chemical Operations, © 
These operations can be conveniently classified by the particular pro-— 
perty of sulphuric acid involved. 


High Boiling point 


Sulphuric acid is an active acid with a high boiling point. The manu- 
facture of halogen acids (eg : HCI;HF) and the pickling of steel make 
use of this high boiling point. Leaching ores, in the manufacture of 
metal pigments, is more effective with sulphuric acid because high 
leaching temperatures Can be used without loss of acid by volatilization, 
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Figure 26 : Synthetic Rubber Polymerization — Sulphuric acid serves as a catalyst in the 
polymerization of GR-S synthetic rubber in these reactors. 
( Courtesy : United States Rubber Company }) 
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Figure 27 : Synthetic Rubber Coagutation — Sulphuric acid coagulates a high purity syathetic 
rubber in this steel vat. 
( Courtesy : Goodyear Tire and Rubber Company ) 


Figure 28 : Acrylonitrile synthesis — HCN and acetylene enter these tanks to begin the manu- 
facture of acrylonitrile 
( Courtesy : American Cyanamid Company ) 
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Great affinity for water 


Sulphuric acid has a great affinity for water. it is widely used for dry- 
ing geses containing moisture (eg: cell chlorine ). Virtually complete 
removal of water vapour from these gases is accomplished by a simple 
scrubbing operation. 


Formation of Hydrolyzable Sulphates 


Sulphuric acid forms hydrolyzable sulphates with many organic Compounds. 
Many alkylation operations of the petroleum and petro-chemical indus- 
tries depend on the ability of this acid to react with hydrocarbons to 
form intermediate compounds. Aromatic alkylamines important to the dye, 
photographic and pharmaceutical industries afte manufactured with sul- 
phuric acid. The production of industrially important synthetic alcohols 
is also based on this sulphuric acid property. ( Figure 30 ) 


Catalytic Activity 


Sulphuric acid has a special catalytic properties, probably related to its 
affinity for water. These catalytic properties account for its large volume 
use in the manufacture of aviation gasoline. 


Sulphonation and Sulphation 


Oleum is used in the manufacture of organic sulphates, These materials. 
used In larga quantities, are major ingredients of house—hold detergents. 
(Figure 29). Smaller quantities of special sulphonates are used as 
lubricants and as additives to automotive lubricants. 


Acidulation and Neutralization 


Sulphuric acid is widely used in acidulation and neutralization prcses- 
ses because it is frequently the most economical acid available for 
the job. The wide-spread use of sulphuric acid for pH control, which 
can also be achieved satisfactorily by any acid, is a direct result of 
sulphuric acid‘s relatively low cost and its availability. The manufecture 
of phosphate fertilizers is the largest sings use of sulphuric acid. 
Large amount of Sulphuric acid are used in acid coagulation processes 
(eg: GRS synthetic rubber) ( Figure 26,27), and in regeneration of 
cationic exchange equipment, 


Another major use is that of neutralization agent in production of 
synthetic fibers. : 
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Figure 29 : Sulphonation and Suiphatioy- Oleum reacts with alkylbanzene and fatty alcohol 
to form ingredients of household detergents. 
( Courtesy : Procter & Gamble Company ) 
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Sulphur 
Au Important Plant Nutrient 


> 
Sucenur IS ONE OF THE MANY elements plants require for normal 
growth Although this has been recognized for well over a hundred yeers. 
it Is only comparatively recently that attention has been focussed on 
this essential plant nutrient. The immediate cause has been the appearance 
of sulphur deficiency on crops in en increasing number of countries 
eli over the world. To alleviate sulphur deficiency and maintain opti- 
mum crop yields, it is necessary to ensure that sufficient amounts of 
sulphur are made available to the plants, and the normal way of doing 


thie is to use fertilizer materials containing an adequate percentage of 
sulphur. 
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Why Plants Need Sulphur ? 


Without sulphur, the plant can not produce protein. The emino acids 
methionine and cystine, which ere essential in protein formation, contain 
sulphur. Also, @ number of enzymes and vitamins contain sulphur; and 
onions, garlic and cruciferous plants are rich in sulphur-containing glu- 
cosides, which ere often chiefly responsible for their flayour Disu'phide 
links have been shown to be associated with the structural characteris - 
tice of protopiesm. in some plants. the concentration of sulphydry! 
groups (-SH) has been shown to be related to frost resistance. 


Sulphur clearly pleys an essential pert in plant metabolism and 
the amounts required by plants are quite large. Table below shows the 
sulphur centsnt of saveral crops, comsared to tha nitrogen, phosphorus 
and petassium content, 


Sulphur and Primary Nutrients Contained in Various Crops (Pounds) 


CROP YIELD/ACRE SULPHUR! NITRO- _PHOS- POTASS- 
| GEN? PHORUS? 1UM‘¢ 


Corn 250 =Bu. 46-55 500 65 276 
Cotton 3.5 Bales. 28-35 250 50 160 
Wheat 80 Bu. 18-24 170 30 100 
Alfalfa 10 Tons 50 60 500 50 400 
Clovers 5 Tons. 25-30 250 22 165 
Grasses 6 Tons. 20-35 180 27 150 
Cabbage 25 = Tons. 30-60 _ $40 20 125 
Turnips 30 ~=—iTons. 40-65 130 25 190 
Onions 26 Tons. 30-40 130 = =26 ~~ 90 

1 Expressed as % S (elemental) 

* Expressed as % N (elemental) 

3 Expressed se % P- (efemental), and not P,0, 

« Expressed as % K (elementel), and not K,O— 


Some crops (cabbage, turnips. onions) heve much higher eulphur require- 
ments then others ( corn, grass ). Legumes like clover and alfalfa have 
intermediete sulphur requirements. it is also of interest that the sulphur 
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end phosphorus content of meny crops are of the same order of 
magnitude. | | | 


| Crop requirements for sulphur increase as yield per hectare increases. 
The amount of sulphur needed is, therefore, closely related to the amount 
of nitrogen and other fertilizers used on the crop. 


Sources of Sulphur 


A review of ‘how plants obtain their sulphure requirements’ will also 
answer the question: Why sulphur deficiencies of -becoming more 
frequent’. The main sulphur sources available to the plant are the 
soil, atmospheric precipitation and fertilizers. 7 


Soil Sulphur 


In soils of humid regions, most of the sulphur is contained in the soil 
organic matter. Soluble sulphates seldom. aceumulate. since they are 
lost by leaching. Sendy soils, low in organic matter, contain little 
sulphur, and it is on such soils that crops most often show sulphur defi- 
ciency symptoms. Sulphur deficiences are less frequent on soils with 
high organic matter content, However, fertilization with high rates of other 
nutrients, particularly nitrogen. may result in sulphur deficiency. Also. 
adverse weather conditions may retard the mineralization of soil organic 
matter, and hence the supply of plant-available sulphate may be 
insufficient at crucial growth stages. 


Atmospheric Sulphur 


Atmospheric precipitation contains varying amounts of sulphur, mostly 
originating from the combustion of fuels. Coal and certain fuel >olls 
have a particularly high sulphur content. On burning. the sulphur content 
of fuels is released into the atmosphere as sulphur dioxide, and may be 
deposited in the soil by rainfell or absorbed directly by soils and 
plants. Increasing concern over pollution and quality of the environment 
hes resulted in a gradual substitution of fuels with a low sulphur 
content for high sulphur caal end ofl. Large tonnages of high sulphur 
fuel are still being used, however, but mostly in industrial areas, 
Inagricultural lands adjecent to such industriel areas, sulphur defici- 
encies are, therefore, generally absent. As. air pollution regulations 
become more end more severe. and widespread, the total emount of 
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sulphur dioxide emitted to the atmosphere can be expected to decrease 
and this source of plant nutrient sulphur is, therefore, on the decline. 


Fertilizer Sulphur 


Large amount of eulphur have been applied to the soil as ‘an often 
unrecognized component of fertilizers. Until quite recently, two of the 
most widely used fertilizer materials were ammonium sulphate, Contain- 
ing 20% nitrogen (N) and 24% sulphur (S). and single super—phosphate 
containing 18% P,0, and 12% S. These two materials can, with 
justification, be regarded equally as much as sulphur fertilizers than as 
nitrogen or phosphorus fertilizers. When sufficient amounts of these 
fertilizers were applied to supply the nitrogen or phosphorus require- 
ments of the crops, the sulphur requirements were also satisfied. 


Although large quantities of ammonium sulphate and single superphos- 
phate are still being used, both materials are gradually being replaced 
by fertilizers with higher contents of nitrogen or phosphate, and 
Containing little or no sulphur. Typical examples are the concentrated 
superphosphates containing 30-50% P,O, and less than 2% sulphur, 
ammonium phosphates containing 11-21% N, 46-61% P,0, and less 
than 3% sulphur, and nitrogen fertilizers like ammonium nitrate and 
urea which contain no sulphur at all, 


Sulphur Deficiencies 


Severely sulphur deficient plants may show characteristic symptoms, as 
they do when deficient in other plant nutrient, However, the symptoms 
of ~wiphur deficiency are not always readily distinguishable, In particular. 
they are frequently confused with the symptoms of nitrogen deficiency. 
This is hardly surprising, since both nitrogen and sulphur § deficiences 
result in a slowlown or inhibition of protein synthesis. Some frequently 
encountared sulphur deficiency symptoms are listed below ; 


Plants are small and spindly with short slender stalks; Growth rate is retarded 
and maturity is often, delayed, particularly with cereal grains, on most plants, 
young leaves are li ht green to yellowish in colour, with even lighter—coloured 
veins. On others, however, such as tobacco, citrus and cotton, some of the 
older—leaves may be affected first. This yellowing of the leaves is frequently 
confused with nitrogen deficiency symptoms. On sorghum and corn, early 
symptoms may also be confused with thoge of iron and zinc deficiencies ; On 
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legumes, nodulation is frequently redeced; and Fruits often do not fully mature, 
and are light green in colour. Spotting of leaves may occure, as with potatoes. 


Less severe cases of sulphur deficiency may go unrecognized unless 
field trials are made to check crop yield response to sulphur applications. 
Soil tests for sulphur do not always provide an accurate indication of 
the plant—available supply of this element, and therefore can not always 
be relied upon for making sulphur fertilization recommendations. Analysis 
‘of plant tissue can often be of great value in determining the existence 
of sulphur deficiency. | 


Sulphur deficiencies are underetood to have occur worldwide. Sulphur 
deficiencies have been identified in 21 of the 50 states in the USA. 
in 4 Canadian provinces, in 10 countries in Western Europe, in Latin 
America, Australia, and New Zealand, and in Africa. Several instances of 
sulphur deficiency and crop response to sulphur in India hava been 
reported, and some research projects have been carried out on sulphur 
status on Indian soils. Sulphur deficiency has also occurred on tea, 
peanuts and berseem in the Punjab, 


Effect of sulphur deficiency on various crops, such es: tea, paddy, jute 
etc has been studied and remedial actions have been proposed, Accor- 
dingly. a handsome increase of 64.5% tea yield has been achieved by 


using ammonium sulphate. Ammonium sulphate also increased the rice 
yield by 91.7%. | 


New Sulphur Fertilizers 


The two traditional sulphur—containing fertilizers, single superphosphate 
and ammonium sulphate, are declining in relative importance. This ten- 
dency has been more pronounced in regions like North America and 
Western Europe than in India. However, the fertilizer consumption has 
increased rapidly in last few years. 


Considerable development work has bean carried out. particularly in 
North America, on incorporating plant nutrient sulphur in the modern, 
high analysis fertilizer materials. it has been observed that while the 
consumption of N, P and K is increasing rapidly, the amount of sulphur 
contained in the fertilizers is increasing at a much slower rate. To 
avoid lowering the NPK analysis of the materials more than absolutely 
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necessary, it is desirable to add sulphur in the most concentrated form 
possible. For this point of view e/emental sulphur is clearly the most 
favoured material. Since elemental sulphur must be oxidized to sulphate 
before it can be utilized by plants. it is important to ensure that this 
oxidation takes place as rapidly as possible in the soil Although soil 
conditions such as humidity, temperature. etc. sare important § factors 
affecting the oxidation of sulphur. they are generally beyond the control 
of the fertilizer manufacturer. However, the particle size of the sulphur 
is of major importance, and this is one factor which can be controlled. 
The smaller the particles of elemental sulphur, the more rapidly are 
they oxidized to sulphate. Since finely divided sulphur (80 mesh) is a 
difficult material to handle. much work has gone into developing a 
granular product which will disintegrate readily in the soil. 


Granular triple superphosphate-elemental sulphur ( 0-40-0-20 S ) has 
been developed by the Tennessee Valley Authority and tried out jn 
several locations in the USA and abroad, It has proved to be a very 
satisfactory source of both phosphorus and sulphur and st least one 
fertilizer manufacturer has started production of this material. Other 
granular materials developed by TVA Include ammonium phosphate-sul- 
phur and ammonium polyphosphate—sulphur the latter material analyzes 
12-51-—0- 15 S. These materials are presently being evaluated. 
Urea-sulphur (40 — 0 —- 0 — 10 S) has been marketed commercially in the 
Western United States | 


A granular material containing 88% S has been developed for use in 
bulk blending or direct application. This material consists essentially of 
elemental sulphur and bentonite. !n the soil, the bentonite absorbs 
water, swells, and thereby disintegrates the granules, resulting in 
nnely divided and readily oxidisable sulphur. 


Sulphur is sofuble in anhydrous ammonia, and test programmes with @ 
TVA material have been carried out in several regions. Field trials have 
shown this material, usually containing 10-12% S. to be a very effective 
from of both N and S, but corrosion and application, problems have 
delayed commercial acceptance. 


‘Fluid fertilizers are becoming increasingly popular in the USA. Sulphur 
is being added to these materials often in the form of ammonium thio- 
sulphate (12-0-0- 20 S) or ammonium polysulphide (21-0-0 
— 40 S). 
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Sulphur Fertilization — The Future 


Most Indian soils have a low sulphur content, and the atmospheric 
sulphur content is also generally low. Fertilizers are thus the most 
important source of pliant nutrient sulphur. The greet advances which 
have recently been made by Indian agriculture, and the even greater 
advances expected in the coming years, will make it necessary to 
supply increasing amounts of sulphur to the soil. As ammonium sulphate 
and single superphosphate are gradually replaced by higher analysis 
materials, sulphur containing fertilizers suitable for Indian agricultural 
conditions and climates will have to be developed. 


CONCLUDED 
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